SCIENCE & TECHNOLOGY

The Key to Hawaii’'s Economic Future

Millennium Edition
2001



SCIENCE & TECHNOLOGY

The Key to Hawaii's Economic Future

Department of Business, Economic Development & Tourism
State of Hawaii
2001



This report has been catalogued as follows:

Hawaii. Dept. of Business, Economic Development and Tourism.
Science and technology: the key to Hawaii’s economic future. Honolulu: 2001.

First published in 1998.

1. Science-Hawaii 2. High technology industries-Hawaii. 3. Research-Hawaii.
HC79.T4.H3.2001

The 3-D image of the eight major Hawaiian Islands portrayed on the cover and title page of
this report illustrates the land topography and seafloor bathymetry compiled on a 9-second
resolution grid, using Wessel and Smith’s GMT-System at the School of Ocean and Earth

Science and Technology (SOEST), University of Hawaii. The data were compiled by Dr. J.R.
Smith and T. Duennebier.

This publication was prepared and published by the Department of Business, Economic Development
& Tourism (DBEDT) in collaboration with many individuals and institutions statewide. Dr. Shelley Mark,
Senior Departmental Advisor, and Jim Crisafulli, Research & Development Coordinator, served as the
principal editors. The document was produced with administrative and financial support from DBEDT’s
Energy, Resources & Technology Division.




CONTENTS

FOREWORD — Governor Benjamin J. Cayetano . . . . . .. ... ... .. 5

INTRODUCTION —Dr.SeijiF.Naya . . ... ... ... .......... 6

HAWAII'S STRATEGIC SCIENCE & TECHNOLOGY RESOURCES:
THE PEARLS OF PARADISE

Astronomy & Space Science . . . . ... ... ... . ... ... 8
Biotechnology . . . . . . . . . . . .. .. 12
Defense & Dual-Use Technology . . . . . . . . ... .. ..... 18
Environment & Resource Management. . . . . . . . . ... ... 22
Health Care & Medical Technology . . . . . . .. ... ... ... 26
Information Technology . . . . . . . . . . . .. .. ... ..... 34
Ocean Science & Technology . . . . . . . .. .. .. ... .... 40
Renewable Energy . . . . . . . . . .. ... 44
Telecommunications . . . . . . .. . .. ... . ... ... 50
TECHNOLOGY-BASED DEVELOPMENT IN THE NEW MILLENNIUM . . . . 54

WORKFORCE DEVELOPMENT &
THE UNIVERSITY OF HAWAII SYSTEM . . . . . . .. .. ... ... 58

ISLANDS OF SUPPORT FOR TECHNOLOGY-BASED DEVELOPMENT . . . 62

Oahu . . . . . . e 63
Hawaii . . . . . . . . . . 65
Maui . . . . . . 66
Kauai . . . . . . . . . 67



PREFACE

Just a little over two years ago (Fall 1998), the Hawaii State Department
of Business, Economic Development & Tourism issued the first edition of this pub-
lication, entitled Science and Technology: the Key to Hawaii’s Economic Future.
One might question the utility of a document being revised so soon after its initial
publication, which brings to mind an anecdote about Albert Einstein, who was
renowned at Princeton for his teachings of postgraduate physics. The nature of
his questions on the year-end exams were so cerebral that they would be passed
around the campus when the test was over. One year when he handed out his
finals, a student raised his hand and said, “Professor Einstein, | think there’s a
mistake here. You've handed out last year's exam questions.” To which Einstein
replied, “That’s okay. All the answers are different!”

And that’s what this report is all about. Many of the challenging questions
related to economic development are perennial: how to best utilize society’s re-
sources to grow the economy, meet people’s needs, and improve the quality of life.
But scientific research and technological advance are progressing so rapidly that
many of the answers proposed to these questions have changed dramatically over
just the past few years.

Today the climate for technology-based growth has accelerated, though
challenges remain to be met and potentials to be realized. Hawaii has taken an
active role in providing numerous tax and other incentives to support the expan-
sion of existing and growth of new tech-based industries. The private sector has
supported this movement by establishing a strong and visionary Hawaii Technol-
ogy Trade Association. And Hawaii’s universities and community colleges have
established workforce development programs and collaborative partnerships with
the business sector to better meet the short- and long-term needs of industry.

The bulk of this report provides a general overview of Hawaii’s key assets
and resources that are facilitating Hawaii’s progress in science and technology,
including some specific examples from each industry sector. These, in turn, sug-
gest additional areas and potentials for further growth. As will be seen, many
Hawaii-based enterprises are already very active in pursuing these opportunities.
However, this report is not intended to be a complete listing of all science and
technology business or research in the state, and inclusion or omission of specific
initiatives does not imply official endorsement or lack thereof.

This report concludes with excerpts from several State documents that
highlight Hawaii’s assets and strategic advantages for technology-based develop-
ment, including various tax and other incentives that promote such activity. The
final section provides a listing of institutional and infrastructural support facilities
that currently operate to support technology-based enterprise statewide.

Collectively, it is hoped this information will provide a useful window into
the various elements and dimensions that make Hawaii a vibrant center for scien-
tific discovery and technological innovation, as well as reinforce the notion that
Hawaii is not only a quality environment for living and relaxation, but also an ideal
venue in which to do research, conduct technology transfer, and achieve both
successful commercialization and sustainable growth.

— The Editors



F)r quite some time, | have been convinced that we in Hawaii have all the
ingredients for promoting scientific research and technological advances — unpar-
alleled natural resources, a unique and strategic location, state-of-the-art infrastruc-
ture, and an exceptionally talented workforce. | therefore have set the development
of our technological capabilities and our knowledge-based facilities as prime goals
for reinvigorating our state’s economy.

In 1997, | convened the State’s first biotechnology conference, and in 1998,
a gathering of information technology leaders in academic research, technology
enterprise, and venture finance, to explore the far-reaching potential of science and
technology in Hawaii. Since then, I, along with key members of my cabinet and our
local business community, have visited technology-oriented firms, institutes, and
conventions on both the U.S. and Asian sides of the Pacific. Throughout, our mes-
sage has been clear: In those areas where our natural assets, knowledge and
expertise give us a competitive advantage, we seek to establish new technology-
based enterprise and collaborative partnerships.

In this effort, we will compete; but our competition will focus on meeting the
high standards and goals we set for ourselves, not simply on emulating areas that
appear to be making headway in a race for new riches. We will seek economic
growth, but this development must not take place at the cost of resource depletion
or environmental deterioration. It also must be growth that employs our best minds
and most effective skills toward pioneering new avenues for improving our quality of
life.

Additionally, part of our challenge will be to expand and strengthen our
knowledge-based infrastructure. This means we must invest in and enhance world-
class education, training, research and development. This also means that work-
ers must upgrade workforce skills, and that companies must provide both labor and
management with productive, cutting-edge tools that will enable them to succeed
with the growth of the Internet and the global digital economy.

Our mission is to create a society that is knowledge-rich, technologically
proficient, and globally competitive. In so doing, we will surmount the challenges
and capture the benefits of a new economy where risk, uncertainty, and constant
change are the rule, rather than the exception. Science and technology are playing
a seminal role in advancing this mission, and will continue to serve as catalysts for
growth among Hawaii's industries of the future.

Looking ahead, we need to reach out to scientific advance and technologi-
cal innovation for new methods and new enterprise which can keep us at the global
“cutting edge.” Technology development is an area in which government must exer-
cise leadership to facilitate this achievement. However, this effort also must con-
tinue in partnership with the private sector. In addition to the rewards of a healthy
economy, the common thread uniting these partners is the knowledge that the fu-
ture of our children and their children in these islands will depend upon how well
this partnership succeeds.

— Benjamin J. Cayetano
Governor of Hawaii

Governor Benjamin J. Cayetano

FOREWORD



Dr. Seiji F. Naya

INTRODUCTION

Science and Technology: The Key to Hawaii’s Economic Future high-
lights our strong and continuing efforts to support the growth of advanced technol-
ogy enterprise in the state through university research, infrastructure development,
labor force training, and community outreach programs. These initiatives are de-
veloping through partnerships between the private and public sectors in Hawaii and
are being structured around the state’s existing technology resources and competi-
tive advantages.

Hawaii’s continued economic growth in the 21st Century may be deter-
mined in large measure by how well we use science and technology to increase our
productivity and become a center for technological innovation in the Pacific. As
tourism settles into an era of more modest growth, an expanded technology sector
is becoming a new catalyst for development, generating new export products, rais-
ing Hawaii’s profile in the worldwide technology community, and helping attract in-
terest and investment to the state as a site for serious scientific and technological
activity. Moreover, an expanded technology base will help support the spread of
new technology into Hawaii’s industries, which is critical for ensuring a globally com-
petitive economy.

Hawaii is well positioned to compete in a broad range of science and tech-
nology-based endeavors. Given our state’s strategic mid-Pacific location, we are
ideally situated to serve as a bridge to Asia-Pacific markets. Our trans-Pacific fiber
optic and satellite connectivity make our island community an increasingly impor-
tant node on the global information superhighway. Our high-speed data processing
and supercomputing facilities give us parallel processing capabilities that can serve
a broad range of industries (e.g., medicine, astronomy, global climate modeling and
coastal resource management, disaster management, geographical information and
global positioning systems, ship design, telecommunications, national defense, and
education). We are home to the world’s premier sites for research, demonstration,
and development in astronomy and astrophysics, oceanography, and geophysics.
And our universities are becoming national leaders in many research and develop-
ment endeavors.

Given these particular strengths, as well as technology-based initiatives
already underway, Hawaii’s best prospects for the development of an advanced
technology sector lie in the areas we highlight in this publication: information tech-
nology, telecommunications, biotechnology, health care & medical technology, as-
tronomy & space science, ocean science & technology, environmental technology;,
renewable energy, and dual use (military/civilian) technology.

It is important to emphasize that the State’s determination to develop the
technology sector is not a pipe dream, political rhetoric, or simply pursuit of a fad.
Research clearly shows that the application of technology, innovation and labor
skills to the production of goods and services can significantly increase productivity
and competitiveness in the economy.

In sum, | believe that by working together, government, business, and
academia can jointly create a knowledge-based economy in which the keys to job
creation and higher standards of living will be creative ideas and adaptive technolo-
gies embedded in both services and products.

— Seiji F. Naya
Director
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ASTRONOMY & SPACE SCIENCE

Monitoring the Cosmos - Far and Near

The Mauna Kea Observatories - In the foreground on the
summit ridge, from left to right, are the UH 0.6-meter telescope
(small white dome), the United Kingdom Infrared Telescope, the
UH 2.2-meter telescope, the Gemini Northern 8-meter telescope
(silver, open) and the Canada-France-Hawaii Telescope. On the
right are the NASA Infrared Telescope Facility (silver), the twin
domes of the W.M. Keck Observatory; behind and to the left of
them is the Subaru Telescope. In the valley below are the Caltech
Submillimeter Observatory (silver), the James Clerk Maxwell Tele-
scope (white, open), and the assembly building for the Submilli-

meter Array.

OPENING WINDOWS
TO THE COSMOS

The Quest to Understand — Astrono-
mers search for scientific answers to some
of humanity’s most fundamental questions:
How and when did the stars, planets, and
galaxies form? What threats do we face
from the sun and other celestial bodies?
What will be the ultimate fate of the uni-
verse? Scientists at the Institute for As-
tronomy study the heavens in an attempt
to answer these and other questions.

-rhe clear skies and stable air above Hawaii’s volca-
nic peaks make the state a premier location for astronomy
and astrophysics. Today, the Hawaiian islands host the larg-
est collection of professional telescopes anywhere in the
world.

¢ More than $800 million has been invested in developing
major observatories at Mauna Kea on the Island of Ha-
waii, and at Haleakala on Maui.

+ Advanced communications technologies using fiber op-
tic networks and satellite relays allow astronomers to ac-
cess these telescopes through remote viewing tech-
niques.

Supporting these impressive facilities is the interna-
tionally acclaimed faculty at the University of Hawaii’s Insti-
tute for Astronomy (IfA), as well as its well-trained techni-

cal staff and students. Founded in 1967, the Institute con-
ducts investigations in astrophysics and planetary science
and is responsible for developing and managing the Mauna
Kea Science Reserve and the Haleakala High Altitude Ob-
servatory Site. It also operates solar and laser-ranging facili-
ties on Haleakala and several observatories on Mauna Kea.

IfA is one of the world’s leading astronomical research

centers. lts broad-based program includes studies of the sun,
planets, and stars, as well as research on interstellar matter
and galaxies.

Most IfA astronomers use the giant telescopes atop Mauna Kea and
Haleakala to collect faint visible light, as well as infrared and submillimeter radia-
tion, from distant objects. They also use and support space observatories, such as
the Hubble Space Telescope and Chandra (an X-ray astronomy satellite), to make

observations that cannot be made
from the ground. In addition to per-
forming research, some astrono-
mers design and build new instru-
ments to measure and analyze the
radiation collected by the tele-
scopes. Other IfA scientists de-
velop theories that explain the ob-
servations made by their col-
leagues.

The lion’s share of re-
search at the Institute for Astronomy
is funded by the federal govern-
ment, largely by competitive grants
from NASA, the National Science
Foundation, and other federal agen-
cies. However, the salaries of many
IfA astronomers, especially those
who teach, are included in the Uni-
versity of Hawaii budget funded by
the State of Hawaii.

The NASA Infrared Telescope Facility
(IRTF) is the only astronomical observatory
in the world whose principal raison d’étre is to
support NASA's interests in exploration of the
solar system. IRTF provides complementary
data required for NASA space flight mission
planning, and affords astronomers both facili-
ties and state-of-the-art instrumentation to carry
out studies of the solar system. IRTF also pro-
vides time for NASA’s “Origins” project and
other space research initiatives.

Courtesy IFA/UH
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The scope and breadth of research conducted atop Mauna
Kea, Mauna Loa, and Haleakala are truly astronomical, including:

Galactic and Extragalactic Studies - Observational astronomy
studying the property of galaxies and their evolution, as well as
multispectral imaging of quasars and radio galaxies.

Star Formation/Interstellar Matter - Surveys of young stars and
star clusters to determine the physical conditions in star-forming
environments.

Solar Physics - Studies of solar flares and investigations of the
sun’s magnetic field and corona.

The twin 10-meter Keck Telescopes on the summit of
Mauna Kea constitute the world’s largest optical and infra-
red observatory, allowing astronomers to explore the uni-
verse with unmatched power and precision. Represent-
ing a capital investment of more than $170 million, each
telescope is eight stories tall, weighs 300 tons, and is
equipped with a revolutionary primary mirror composed
of 36 hexagonal segments that work together as a single
reflector. Both telescopes are now operational, and to-
gether give astronomers the ability to resolve stellar ob-
jects as though they were using a single mirror 85 meters
in diameter. The Keck mirrors are controllable to an accu-
racy of 30 nanometers and have allowed scientists to view
extremely distant galaxies down to the 28th magnitude.

Stellar Astronomy - Spectral studies of low-mass stars and brown
dwarfs, and investigations of coronal emissions.

Solar System Studies - Investigations of behavioral differences
between new and periodic comets, planetary atmospheres, and
ring studies.

Theoretical Studies - Surveys and modeling of galaxy interac-
tions and induced star formation.

Lunar and Satellite Ranging - Monitoring of earth resources and
climatic factors; measurements of ocean level and temperature
changes, as well as tectonic plate movements.

Some of the most significant discoveries by astronomers utilizing Hawaii’s

N EXTRATERRESTRIAL
state-of-the-art facilities include:

RESEARCH

¢ The clearest evidence yet of a budding
solar system around a nearby star. Ac-
cording to astrophysical authorities, the
finding represents a “missing link” in the
study of how planetary systems are born
and evolve.

¢ One of our sun’s nearest neighbors — a
star just 15 light years from Earth —
possesses a planet 1.6 times as mas-
sive as Jupiter. As with other planets re-
cently discovered, this object was not
imaged, but betrayed its presence
through its gravitational tug on its par-
ent star.

Astronomers study the sun to understand
how changes at the sun’s surface affect
the flow of energy and radiation to Earth,
as well as to develop models for under-
standing other stars. The main instrument
used at Hawaii’'s Mees Observatory
atop Mt. Haleakala is the Imaging Vector
Magnetograph, which allows astronomers & A gamma-ray burst occurring in a dis-
to measure the electric currents passing tant galaxy, which settled one of the

through selected regions of the sun’s sur- . t . bout th iqin of
face. Electric currents are closely tied with major controversieés about the origin o

Courtesy Richard Wainscoat - IfA/UH

Courtesy IFA/UH

magnetic fields on the sun and are a key
to understanding what goes on both be-
low and above the sun’s surface.

these enigmatic occurrences. This was
a spectacular cosmic event, far more en-
ergetic than a supernova explosion.

+ Astronomers using the largest optical and infrared telescopes in the world have

found the most distant known object in the cosmos — a young galaxy in exist-
ence when the universe was only 6% of its present age, and nearly 90 million
light-years farther away than any previously discovered. This finding provides
clues on how and when galaxies were formed.

Hawaii Deep Space Survey — The Uni-
versity of Hawaii 2.2-meter telescope and
the spectrographs on the Canada-France-
Hawaii and Keck Telescopes were used
to carry out one of the first extremely deep
surveys of all the galaxies in a represen-
tative part of the sky. These surveys have
found colors for many hundreds of galax-
ies out to redshifts beyond 2 (two-thirds
of the way across the known universe).



Courtesy Subaru/NAOJ

This infrared image of the famous Orion
Nebula (Messier 42), located 1,500 light
years away from Earth, was captured dur-
ing the “first light” of the Subaru Telescope
in January, 1999. At the center of the im-
age is the Trapezium — a group of four
bright stars, around which younger stars
are embedded in the Orion molecular
cloud. The blue, faint, and diffuse emission
extending over the entire region is due to
hot gas ionized by strong ultraviolet radia-
tion emitted by the Trapezium stars.

DETECTOR
DEVELOPMENT

Courtesy UKIRT

All the major instruments on
the University of Hawaii’s own tele-
scopes (the 2.2-meter on Mauna
Kea and the Mees Observatory on
Haleakala) have been built in work-
shops at the Institute for Astronomy.
So, too, the cameras and spectro-
graphs used on the 3-meter Infra-
red Telescope Facility (IRTF) that IfA
operates for NASA on Mauna Kea.

The Institute for Astronomy
is currently building four major infra-
red instruments for Hawaii tele-
scopes, including detectors for both
of the new 8-meter telescopes atop
Mauna Kea. For each of these
projects, IfA has been awarded a
contract to design and construct the
instrument, as well as to provide the
computers and software needed to
operate it.

The “retina” of a present-
day astronomical camera is a large
electronic chip made of silicon. Over
the last few years, there have been
enormous improvements in both the

One of Mauna Kea’s newest observatories, the
Subaru Telescope Facility, represents a new
class of revolutionary telescopes. lts ultra-thin and
light mirror permits extremely high accuracy in
tracking celestial objects. It also employs a new
type of computer-controlled enclosure that accom-
modates the best observational conditions for the
telescope. Subaru is observing quasars and ra-
dio galaxies in deep space, almost to the horizon
of the expanding universe, so as to provide infor-
mation concerning the origins of the large-scale
structure of the universe, as well as its basic prop-
erties such as the curvature of space, leading to a
comprehensive history of the universe.

sensitivities of these detector chips and in the number of pixels they contain.

The 3.8m United
Kingdom Infra-
red Telescope
(UKIRT) is the larg-
est telescope in the
world  dedicated
solely to observations
at infrared wave-
lengths between 1
micron and 30 mi-
crons. Like all large
modern telescopes,
UKIRT is a reflecting
telescope. Infrared
and visible radiation
from an astronomical

object (e.g., a star) is collected, reflected and focused by a concave
primary mirror 3.8m in diameter. Just before it gets to the focus, a
smaller convex secondary mirror at the top of the telescope reflects
this steeply converging beam of radiation and directs it downwards,
now converging much more slowly, through a central hole in the pri-
mary mirror to a flat tertiary mirror below, which directs it to one of
four instrument focal stations. Research being done at UKIRT in-
cludes topics such as the planets, moons, asteroids and comets within
our solar system, star formation and stellar evolution within our gal-
axy; interstellar gas in our galaxy and others, the properties of nor-
mal and active galaxies, and the early evolution and ultimate fate of
the universe. The telescope owned by the United Kingdom Particle
Physics and Astronomy Research Council and operated, along with
the James Clerk Maxwell Telescope (JCMT), by the staff of the Joint

Astronomy Centre, located in Hilo.
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Development of chips requires cooperation between
commercial electro-optical companies and the astronomers and
engineers at IfA. While the chips themselves are produced on
the U.S. mainland, the tasks of adapting them for use in astro-
nomical situations and
maximizing their sensi-
tivity to faint light
sources is performed
at the University of Ha-
waii.

The Optical
Detector Group at IfA
develops and main-
tains the general-pur-
pose charge-coupled
device (CCD) cameras
used by observers on
the UH telescopes. In
addition, the group has
pioneered the develop-
ment of ultralarge-format CCD mosaic focal planes, and has
built two of the world’s largest-format astronomical CCD cam-
eras. This camera was initially installed at the prime focus of
the Canada-France-Hawaii Telescope (CFHT), and is now
used regularly on the UH 2.2-meter telescope for wide-field
projects such as weak gravitational lensing, the study of faint
galaxy statistics, and the search for new solar system objects.

Dr. Gerard Luppino with the 8,192-by-
12,288-pixel camera built for the Canada-
France-Hawaii Telescope. The focal plane
measures 12 cm x 18 cm and contains
twelve CCDs in a 2 by 6 pattern.

Courtesy Richard Wainscoat - IfA/UH

Courtesy Richard Wainscoat - IfA/UH
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Courtesy JCMT/JAC

Gemini North, one of the largest telescopes in the world,

The Air Force Re-
search Laboratory (AFRL),
located atop Mt. Haleakala on
Maui, has a two-fold mission.
First, it conducts the research
and development mission on
the Maui Space Surveillance
System (MSSS) at the Maui
Space Surveillance Complex
(MSSC). Second, it oversees
operation of the Maui High
Performance Computing
Center (MHPCC). The ac-

was built by an international partnership of seven nations. cessibility and capability of
It is the first of two 8-meter telescopes that together can the Maui Space Surveillance
explore the entire northern and southern skies in optical System provides an un-

and infrared light. Its twin, Gemini South, is under con-
struction on Cerro Pachén in northern Chile. Together,

equaled opportunity to the

these telescopes are expected to obtain unprecedented scientific community by com-
optical and infrared views of stars, galaxies, and the most bining state-of-the-art satel-

distant outposts of the known universe.

lite tracking with a facility sup-
porting research and devel-

opment. Virtually year-round viewing conditions are possible due to the relatively
stable climate. Dry, clean air and minimal scattered light from surface sources
enable visibility exceeding 150 km (see also Defense & Dual-Use Technology).

With a diameter of 15m the
James Clerk Maxwell
Telescope (JCMT) is the
largest astronomical tele-
scope in the world designed
specifically to operate in the
submillimeter wavelength re-
gion of the spectrum. Man-
aged on behalf of the UK,
Canada & Netherlands by the Joint Astronomy Cen-
tre (JAC), the JCMT is used to study our Solar Sys-
tem, interstellar dust and gas, and distant galaxies.
Radio telescopes are used to study objects that are
invisible to more traditional optical telescopes — es-
pecially where dust ob-
scures visible light. Such
objects include stars in
their earliest stages
where they are sur-
rounded by gas and dust
disks that have not yet
coalesced to form plan-
ets (see image above).

The Hawaii Institute of
Geophysics and Planetology
(HIGP), a division of the School of
Ocean and Earth Science and Tech-
nology (SOEST) at the University of
Hawaii, is also pioneering the fron-
tiers of space science through ba-
sic and applied research, with spe-
cial emphasis on remote sensing.
It uses geophysics to study our
planet (e.g., through seafloor imag-
ing and mapping), and manages a
variety of geophysical service pro-
grams for the state.

Additionally, HIGP develops
new technologies for ocean and en-
vironmental monitoring and obser-
vation — from imaging spectrom-
eters for spaceborne and airborne
observation of volcanic plumes to
probes for measuring the physical

properties of seafloor sediments — and performs extensive studies of our solar sys-
tem from space (e.g., analysis of volcanic deformation using radar and the Global
Positioning System; spectroscopic studies of the evolution of asteroids, the Moon,

Mars, and the moons of Jupiter).

Finally, HIGP is deeply committed to education and outreach for all ages
and manages the Hawaii Space Grant College Program, which focuses on workforce
development in scientific and technical fields by providing training workshops and
courses for teachers and fellowships for undergraduate students. It also hosts the
NASA Pacific Regional Data Center that provides images to both the public and
professional scientists of all the planetary missions ever flown by NASA.

A multifaceted observatory, the Maui Space
Surveillance Complex combines large-ap-
erture tracking optics with visible and infra-
red sensors to collect data on satellites, or-
bital debris, and astronomical objects. It
supports the Navy's Pacific Missile Range
Facility (PMRF) ballistic missile programs,
as well as the Jet Propulsion Laboratory's
asteroid detection research.

SENSING EARTH
AND OTHER PLANETS

GOES-8 satellite observations,
made by SOEST investigators, using data
received from the Naval Research lab in
California. Images show the first two erup-
tion plumes from Cerro Azul volcano in the
Galapagos Islands detected on Septem-
ber 15, 1998. Images were obtained at
the following Universal Times: a) 20:28;
b) 20:58; c) 21.28; and d) 21.58. Notice
that in the final image, the edge of Plume
2 is becoming distorted. The next image
in this series (not shown) indicates that
the event producing this plume had shut
off and that the plume was dissipating.
SOEST investigators in Hawaii were able
to electronically send information about
the eruption to research scientists at the
Darwin Research Station in the Galapagos
close to 4 hours before word reached them
from the field. These results demonstrate
the value of real-time satellite observations
made in Hawaii for disaster monitoring and
hazard mitigation around the Pacific.
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BIOTECHNOLOGY

From Virus-Free Papaya to Fifth-Generation Clones

Courtesy UH Relations
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The biotechnology revolution is changing the world. By vir-
tue of its unique combination of natural, scientific and technological
resources, Hawaii is helping pioneer the development and produc-
tion of new, high value-added products and services in various bio-
technology areas —including the seed industry, plant tissue cultures,
floriculture, tropical fruits and beverage technology, bioprocess en-
gineering, nutraceuticals, phytopharmaceuticals, biomedical prod-
ucts, marine bioproducts, and bioremediation.

+ Inlight of its highly favorable climate and ocean setting, Hawaii
is ideally situated to grow and experiment with many different
kinds of terrestrial and ocean plants for which markets exist on a
global scale.

¢ The state is home to hundreds of trained researchers with ex-
pertise in agricultural, medical, and marine research and poised

University of Hawaii scientists, together with colleagues in Japan, to transform the offshoots of R&D into commercial products.
have developed an innovative method for producing transgenic

mammals. The new technique — Honolulu transgenesis — uses ¢ Local biotech firms are conducting both basic and applied re-
sperm to deliver genetic information (DNA) from one organism into . . .

the egg of another. This method was demonstrated using DNA search in molecular and nuclear biology, as well as immunochem-
from green fluorescent jellyfish protein to make green mice. The istry, leading to the genetic engineering of antibodies and other

introduced DNA contains a gene that directs production of a protein
that glows green under long-wave ultraviolet light. Thus scientists

high-value, complex proteins for commercial production.

could easily see that the jellyfish “green gene” DNA was incorpo- . . .
rated into the mouse genome when the mouse appeared green Biotechnology research in Hawaii takes advantage of the

under ultraviolet light. Honolulu transgenesis may be useful in islands’ unique flora and fauna, as well as other natural resources,

medical research and in the development of xenotransplant donors.

MEDICAL
BIOTECHNOLOGY

to produce high-value products whose markets are not constrained
by the high cost of overseas shipping.

Biogenesis research at the University of Hawaii (UH) was internationally
recognized in 1998 when Dr. Ryuzo Yanagimachi and his team of researchers pro-
duced the first mouse clone (see sidebar). They went on to successfully clone five
generations of mice and the first male mouse clone. Concurrently, they were able
to produce transgenic green mice as a visible demonstration of the ability to trans-
fer genetic material from one species to another. “Team Yana” is now involved in
research that one day may make possible the production of cells, tissues and or-
gans cloned from cells from an individual in need of organ replacement. Cloning
may also have important applications in repopulating endangered species and in
producing animals that carry desirable traits for production of new pharmaceutical
substances, valuable livestock, and production of organs for xenotransplantation.

Dr. Sandra Chang and her team of researchers in the Department of Tropical
Medicine and Medical Microbiology at the John A. Burns School of Medicine are
nearing a major breakthrough in their fight against malaria, a mosquito-borne dis-
ease that kills over a million people each year in developing countries. The experi-
mental malarial vaccine, developed by Chang and her colleagues using recombi-
nant DNA technology, has proven effective in tests with monkeys. UH is patenting
the vaccine and working with the World Health Organization and a European phar-
maceutical company to produce sufficient quantities of the vaccine for the first hu-
man clinical trials that could begin as early as 2002.

UH is also engaged in research on other strains of malaria. For example,
Botany professor David Duffy has been awarded a five-year $4.1 million grant from
the National Science Foundation to study avian malaria, which has lead to the
extinction of at least 10 species of native birds in Hawaii and poses a threat to
another 22. The project brings together researchers in three fields: emerging dis-
ease, conservation biology, and invasive alien species.



Courtesy Eric Szarmes

Courtesy Jim Crisafulli

The State of Hawaii may be on the verge of yet another technological ad-
vance linked to revelations in the science of genomics — a study of the interactions
among genes and proteins which determine how the human body works. Some
researchers believe that the human genome, the term for our complete set of genes
(now estimated at around 30,000), may provide cells with instructions to make as
many as 300,000 different proteins. Over the last few years, scientists at major
pharmaceutical companies and a host of smaller biotech firms have turned their
attention to such proteins to determine how they work.

Where does Hawaii fit into this process? X-ray analysis can be employed
to help scientists work out the shapes of proteins — a key insight for developing
effective drugs. Drs. John Madey and Eric Szarmes at the University of Hawaii’s
Free Electron Laser (FEL) Laboratory have developed a process utilizing a
nonsynchrotronous high energy light source for x-ray crystallography and x-ray mi-
croscopy. This tech-
nology would enable
researchers to gain a
three-dimensional
perspective and un-
derstanding of mol-
ecules — a stereo-
graphic view that
complements the
chemist’s molecular
formula and en-
hances understand-
ing of how proteins
are structured, and
thereby how they are
likely to bond and re-
act with other sub-
stances. Such information would be extremely useful for companies wishing to
manufacture effective drug therapies for a broad range of maladies.

The image on the left is an X-ray diffraction pattern similar to those
produced by the Free-Electron Laser. Such images are used
to decipher the 3-dimensional molecular structure of compounds
such as the cyclopropane complex of dehydrated Cd2+-exchanged
zeolite A illustrated on the right.

For example, smaller, cheaper free-electron lasers (FELs) could be used
surgically to destroy tumor cells while leaving surrounding healthy tissues unharmed.
Such lasers can be tuned to cut tissue with minimal pain, and used to treat severe
wounds and burns.
The ability of FELs
to analyze molecu-
lar structures could
be used to produce
synthetic chemicals
as well as to exam-
ine viruses like HIV
for potential weak-
nesses. The great
promise is that this
next generation of
FELs will become
even more compact
and cost-effective,
enabling them to be
used as standard
equipment in hospi-
tals and research
universities nation-
wide.

Research on the Free-Electron Laser is being spearheaded
by a 5-member team through the University of Hawaii’'s Depart-
ment of Physics & Astronomy. Team members, pictured above
from left, include UH Research Scientist Teng Chen, Ph.D. candi-
date Frank Price, Professor John Madey, Associate Professor Eric
Szarmes, and Princeton undergraduate Orion Crisafulli.

ADVANCED LASER
RESEARCH
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The Mark lil infrared FEL was designed and
constructed in 1984 by Professor John M.J.
Madey and his group at Stanford University
for medical and materials science research
in the mid-IR (~2 pm to ~10 pym), and is ide-
ally suited as a testbed for novel FEL con-
cepts and experiments as well as for the
training of graduate students. This FEL has
important applications in chemistry and
ultrafast IR spectroscopy, and is being fur-
ther developed by Professor Eric B. Szarmes
for unique applications in high-resolution
nonlinear spectroscopy and remote sensing.
The University of Hawaii has also acquired
and will be installing the Mark IV FEL from
Boeing, which was constructed by
Rocketdyne in 1988 for experiments in high
power FEL MOPAs at Stanford University
(using the Mark Il FEL as the master oscil-
lator). This FEL will be re-commissioned by
the Hawaii Institute of Geophysics and Plan-
etology at the UH Manoa campus for even-
tual use as a portable, broadband and ex-
tremely high-powered, tunable UV to IR
source (0.3 pm to 15 pym) for shipboard re-
mote sensing of the atmosphere.
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Courtesy Hawaii Biotechnology Group

Biomedical research in Hawaii takes ad-
vantage of the islands’ unique flora and
fauna, as well as other natural resources,
to produce high-value products whose
markets are not constrained by the high
cost of overseas shipping. Above, a re-
searcher at the Hawaii Biotechnology
Group works in a biosafety cabinet with
genetically-modified cells producing Den-
gue Virus proteins.

AGRICULTURAL
BIOTECHNOLOGY

Courtesy CTAHR/UH

The Hawaii Biotechnology Group, Inc. (HBG) uses its strengths in genetic engi-
neering, immunology, and chemistry to address major unmet human health needs
in the areas of infectious disease, inflammation, cancer, and drug discovery. Founded
by University of Hawaii science and business professors in 1982, HBG has re-
ceived more than $30 million in research funding from the National Institute of Health,
the Department of Defense, the State of Hawaii, and other state and federal institu-
tions, and is now poised to capitalize on this strong scientific foundation with a
program designed to commercialize this technology. Its current programs include:

+ Development of a recombinant, sub-unit vaccine for dengue fever - a disease
found primarily in tropical and subtropical areas around the world with tens of
millions of cases annually.

+ The ROS (“reactive oxygen species”) Program to develop FDA-approved thera-
pies targeted to intervene in the cascade of the highly damaging biological events
that occur as a result of oxidation in large, poorly served disease states.

+ Combinatorial libraries of novel compounds from naturally occurring, bioactive
compounds that could prove to be more effective lead compounds than those
from traditional combinatorial sources.

+ Detection systems using ultra-sensitive assays for identifying pathogens from
infectious agents in foods and the environment. A novel biosensor technology is
being created to detect a bacterium that causes dysentery.

+ Early-stage “pipeline” programs that utilize “prodrug” technology to minimize
side effects and maximize efficacy in the treatment of fungal infections and cancer.

Scientific advances at the University of Hawaii’s College of Tropical Ag-
riculture and Human Resources (CTAHR) and other Hawaii-based public and
private institutions have provided the state with a basis not only for further break-
throughs in research, but also for commercialization and economic diversification.

Exemplary of Hawaii’s leadership in biotechnology is the development of a
genetically engineered, disease-resistant papaya to stem the recurrence of a “ring-
spot” virus that is threatening production of this fruit on the Big Island. Developed
by CTAHR in collaboration with Cornell University and the Upjohn Company, the
new crop is planted, harvested, marketed and consumed like any other crop, dem-
onstrating a high-tech solution with a low-tech application. The joint papaya ringspot
virus research project provides a model for other genetic engi-
neering research programs. Excellent progress has been made
on a molecular immunization project that could help protect ba-
nana, pineapple, and other Hawaii fruit crops from viral diseases.

Several large companies in Hawaii currently grow seed
crops enhanced by biotechnology. These companies include all
of the major seed companies in the United States: Monsanto,
Cargill, Syngenta Seeds Inc., Pioneer Hi-Bred International
Inc., and Garst Seed Company, a subsidiary of the Advanta
Group — a Netherlands/UK consortium that is the fourth-largest
seed company in the world. A major reason these companies
are investing in Hawaii is the recognition that the state is one of

Genetically-engineered papaya, developed by the leading centers for plant genetics in the world. The islands’
University of Hawaii researchers, that is resistant highly predictable weather and climate combine to yield a low-

to the Papaya Ringspot Virus.
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risk environment for developing new plant varieties. Under nor-

mal conditions on the Mainland, it can take up to 12 years to

develop a new variety of seed. In Hawaii’'s climate, with up to
three crops possible per year, this process can be reduced to four years or less.



Hawaii’s worldwide reputation as the foremost grower of anthuri-
ums was enhanced when a species called ‘Tropic Fire’ — developed by
UH professor Heidi Kuehnle — was granted a patent. Sales have been
excellent. Royalties are being returned directly to the research program
for continued breeding work, which has produced two more species on
which patents are pending. It is estimated that the demand for “Tropic
Fire’ will eventually reach more than a million plants.

Agricultural biotechnology is not limited to work on crops. Find-
ing and eliminating termite nests will become easier, thanks to research
performed by CTAHR entomologists J. Kenneth Grace and Claudia
Husseneder. Using state-of-the-art genetics techniques, such as DNA

4

fingerprinting (the same method used to recognize individuals and estab- “Tropic Fire,” a potted anthurium variety developed
lish paternity in humans), they can define the boundaries of a termite 2wt el 5y CUAIR esaEieE, B eesese o

colony and monitor the spread of toxicants throughout the colony to verify
that a bait is working. [f pests reappear after treatment, the techniques
can be used to determine if the infestation is new or a recurrence. Working with
CTAHR scientists, commercial exterminators will be able to use this information to
select effective baits and optimize placements to control a pest that causes more
than $100 million damage annually in Hawaii.

The Hawaii Agriculture Research Center (HARC), located on the island
of Oahu, is a private, non-profit organization specializing in horticultural crop re-
search including agronomy and plant nutrition, plant physiology, breeding, genetic
engineering and tissue culture, and control of diseases and pests through inte-
grated pest management. HARC also performs pesticide registration work; training
in areas such as pesticide application and environmental compliance; ground water
monitoring; and technical literature searches.

Mainland seed companies take advantage of Hawaii's favorable weather
conditions by utilizing HARC's field and nursery services for winter growouts, seed
increases, and testing. The analytical chemistry laboratory specializes in residue
studies conducted according to EPA Good Laboratory Practices. The environmen-
tal services group offers evaluations for compliance with environmental regulations
and assessments for Best Management Practices. HARC produces and sells seed
of supersweet corn and leucaena developed by the University of Hawaii and HARC.

HARC'’s biotechnology team utilizes tech-
niques such as gene transformation through particle
bombardment and/or agrobacterium to achieve insect
and disease resistance to solve production problems
and genome mapping to enhance breeding programs.
Currently, genetic transformation projects focus on
sugarcane, pineapple, coffee, and papaya. Genome
research has expanded from sugarcane to other tropi-
cal fruits such as papaya, coffee, macadamia nuts,
and pineapple. Tissue culture protocols were devel-
oped and are currently used for plant regeneration
and micropropagation of a wide range of plants in-
cluding sugarcane, pineapple, banana, taro, and
woody species such as Eucalyptus and Acacia. Cel-
lular and molecular biology research is also conducted
under funds received through the USDA. This pro-
gram mainly sponsors graduate students at the Uni-
versity of Hawaii and post-doctoral researchers col-
laborating with USDA scientists at HARC. Projects include improving transforma-
tion efficiency through investigation of promoters, reducing variability of transgene
expression, and increasing sucrose accumulation through cell transformation with
constructs which alter soluble acid invertase activity.

sell up to one million plants over the years.

Above, HARC researcher
Dr. Ray Ming loads a gel with
DNA in a study of genetic di-
versity in coffee. To the left,
Dr. Chifumi Nagai (right) and
Dr. Liwen Xiong collaborate on
development of a Pineapple
Transformation System.

Courtesy CTAHR/UH

Courtesy HARC
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The Marine Bioproducts Engineering Center (MarBEC), a National Sci-
ence Foundation Engineering Research Center, represents a partnership between
the University of Hawaii at Manoa and the University of California at Berkeley, with
additional collaboration from
leading national laboratories,

MARINE research centers, and muse-
ums. MarBEC is building a
BIOTECHNOLOGY foundation of applied re-
search, education and tech-
nology transfer to support a
marine biotechnology industry
Q of increasing commercial and
2 national importance. Employ-
= .
> ing a systems focus, MarBEC
2 . .
5 integrates product discovery,
© |arge-sca|e cultivation and The fact that some microorganisms may be found only in
separation, purification and physmally and/or c_hemlcall_y extr_eme environments com-
f lati hnologi plicates the detection and isolation of novel products. To
ormulation tec n_o ogles. address this challenge, MarBEC is developing techniques
MarBEC supports this growth to sample (above), cultivate and subsequently screen mi-
through collaborative activi- croorganisms from such environments, and to manipu-
; ; . late bacterial and microalgal genes.
The exploitation of new marine bioproducts ties deS|gned to advance:
requires scientists and engineers with back- Di d extracti f | bi
grounds in marine science. The education ¢ Uiscovery and extraction of novel bioresources.
of chemical engineering, ocean engineer- ¢ Separation, characterization and purification of useful bioproducts.
ing, and biology students in marine biotech- . .
nology is a major component of MarBEC. ¢ Development of efficient production systems.
These cross-trained students will be the ¢ Formulation and delivery of stable bioproducts to market.
new professionals entering the emerging
marine biotechnology industry. Above, The focus of MarBEC’s interactions with the private sector is the Industry
MarBEC Summer Undergraduate Re- Sponsor Program (ISP). This program is intended to maximize intellectual dia-
search Intern Lena Asano presents her re- | d technol t fer bet MarBEC h dindustrv. By build
search projectin a video-conferenced sym- logue and technology transfer between Mar researchers and industry. By build-
posium with MarBEC partner University of ing strong industry relationships over the next several years, MarBEC will enhance
California, Berkeley. its adaptability and responsiveness to industry needs. With industry support,
MarBEC will continue to provide new opportunities to researchers, students, and
companies in the marine bioproducts field.
The Natural Energy Laboratory of Hawaii, or

NELH, located at Keahole Point on the west coast of the
island of Hawaii, was developed to provide resources and
facilities for energy and ocean-related research, educational,
and commercial activities. At the 600-meter depth, the tem-
perature of the seawater off the Keahole coast is approxi-
mately 6° C. This extremely cold seawater can be used for
a variety of purposes which warm the seawater without al-
tering its other properties. It also resides below the photic
zone of the ocean. Without sunlight, there is no primary
productivity; thus there are very few living organisms, pro-
ducing a virtually pathogen-free environment. The deep sea
water also has significantly elevated levels of inorganic ni-
trates, silicates and phosphates, compared to the nutrient-
deficient surface water. These nutrients are necessary for
sustained growth of both microalgae and macroalgae.

Courtesy NELHA

Today, NELH is the only place in the tropics where
cold seawater is being pumped ashore. It is also the only

Situated at Keahole Point, NELH provides year-round intense sun-
light, minimal rainfall, and nutrient-rich deep sea water that enables : . ) .
ocean and energy-related companies to pursue research and com- location where R&D is being performed on the commercial

mercial development. The parallel green and red raceways in the potential of deep ocean water for energy production, air-con-

picture above are being used by the Cyanotech Corporation to grow

_ _ ditioning, industrial cooling, cooled tropical agriculture, and
microalgae for nutraceuticals.

a wide range of unique aquaculture projects.
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NELH’s tenants include aquaculture enterprises as well as compa-
nies specializing in marine biotechnology and mariculture. Cyanotech Cor-
poration is currently the world’s largest producer of Spirulina — a high value
nutritional supplement for the health food industry. Aquasearch, Inc.’s
photobioreactor technology is used for astaxanthin production and other
microalgae research and development that will provide opportunities for phar-
maceutical applications. Kona Cold Lobster Ltd. boasts the largest holding
facility for Maine lobsters west of New England; Royal Hawaiian Sea Farms
produces over two tons of sea vegetables per week.

Common Heritage Corporation, led by NELH founder, Dr. John
Craven, is growing more than 100 fruits and vegetables in soil cooled by
pipes carrying deep seawater. Temperate crops, such as strawberries, as-
paragus, grapes and carrots, do very well under the climate control that is
available by varying the flow rates of the cold seawater to create a “perpetual
springtime”. Pineapple, which normally takes two years to mature in Hawaii,
gets extra nutrition from the cold soil and produces sweet fruit in only nine
months.

An affiliate program of NELH since 1995, the Center of Excellence
for Research in Ocean Science (CEROS) has brought over $50.2 million of
federal Department of Defense research funds to Hawaii for the develop-
ment of novel technologies with dual military and civilian uses. Over 100
successful projects have been funded to date, including innovative ship de-
signs for smoother and faster rides, an antibiotic extracted from a marine
alga for the treatment of staph infections, a scuba diver homing device, and
a bottom-penetrating sonar system used to map offshore sand deposits and
locate buried pipelines. Black Pearls Inc. was awarded $173,201 from
CEROS for development of an efficient way of producing phytoplankton in a
bacteria-free environment.

Taylor Resources, Inc., and Coast Seafoods Company, the U.S’s two
largest producers of oysters and Manila clams, have each developed extensive
shellfish nursery operations at NELH. From the Pacific Northwest, they bring “spat”,
just settled larvae less than 1 mm in size, to NELH for a two-month grow-out in
Kona'’s clean water and abundant sun-
shine. The animals are returned home af-
ter a two-month Hawaiian vacation — ready
to enter the ocean a full year earlier than if
they’d stayed home in the Northwest.

The Big Island Abalone Com-
pany (BIAC), a 40-acre aquafarm that
anticipates producing up to 10 percent of
the world’s premium abalone, has devel-
oped a high-tech system to grow premium
abalone using deep-sea water and ad-
vances in marine biology.

Finally, Marine Bioproducts, Inc.
is planning for a new 10-acre site to com-
mercialize production of specialty agar
(used in laboratories as a medium for cul-
tivating bacteria, etc.) based on success-
ful research conducted at its current R&D
site located at NELH.

A 500,000-liter culture pond at Cyanotech
Corporation, which currently maintains 67
microalgae production ponds. Cyanotech’s
Spirulina Pacifica is a nutrient-rich dietary
supplement sold to health-conscious con-
sumers worldwide.

Courtesy Aquasearch, Inc.

Aquasearch Inc. is a global leader in photobioreactor technology. Indus-
trial photobioreactors are a new, “platform” manufacturing technology that
unlocks the commercial potential of microscopic plants — 30,000 species of
unexploited microalgae. The Aquasearch Growth Module (AGM) is the larg-
est, most cost-effective photobioreactor ever operated.
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Courtesy PMRF

DEFENSE & DUAL-USE TECHNOLOGY

From National Defense to Civilian Innovation

Courtesy NASA

PACIFIC MISSILE RANGE FACILITY (PMRF) — Located on the west coast of the island of
Kauai, PMRF provides the world’s largest multi-environment range capable of supporting sur-
face, subsurface, air, and space operations. Its goal is to facilitate integrated range services
using state-of-the-art technology that ensures the safe conduct and evaluation of both training
and T&E (testing and evaluation) missions. A thousand square miles of instrumented underwa-
ter range and over 42,000 square miles of controlled airspace make PMRF a premier facility for
supporting operations which vary from small, single-unit exercises up to large, multiple-unit battle
group scenarios. PMRF’s relative isolation, ideal year-round tropical climate, and encroach-
ment-free environment help sustain the facility’s excellent record for operation completions.
The base’s proximity to major Department of Defense installations and organizations, as well as
to the University of Hawaii’s ocean research facilities on Oahu, affords major cost and opera-
tional benefits to range users. Transportation of project personnel, equipment, and materials is
also easily accommodated via commercial and military transport systems.

Helios is one of several remotely-piloted
aircraft being developed as technology

-rraditionally, federal expendi-
tures have contributed heavily to
Hawaii’'s economy. Although the under-
lying data and methods of calculation
may not be strictly comparable, the fed-
eral sector may be regarded as sec-
ond only to tourism in terms of eco-
nomic contribution. Current estimates
indicate defense spending in Hawaii ac-
counts for 10% of gross state product,
versus 20% for tourism.

While these facts are probably
well known, the impact of federal ex-
penditures on technological innovation
and Hawaii’s future growth potentials
has not been fully appreciated. This
refers to the potential influence of what
has been termed “dual-use technol-
ogy” on productivity and economic
progress.

For Hawaii, federally-funded
projects and the technologies they de-
velop, particularly in areas covered by
Defense appropriations, can help raise
the state’s productivity level and growth
output. With development of these new
technologies comes innovation and
management skills transfer, which in
turn results in a more skilled workforce
and a greater potential to support new
industries.

It is particularly significant that federal agencies such as NASA and the
Departments of Defense, Commerce and Energy have all focused on programs
and facilities that not only meet national security objectives, but also have early
and feasible application to civilian and commercial use. The rationale is that in-
dustry is afforded opportunities to commercialize government R&D, while federal
agencies can draw from a broader commercial technical base and receive royal-
ties, should commercialization result in a viable product or service.

A number of federally-funded programs in Hawaii directly relate to or pro-
mote high technology development in the state, including:

+ Pacific Missile Range Facility (PMRF): As the largest multi-environmental

demonstrators by several small airframe
manufacturers under NASA’s Environmen-
tal Research Aircraft and Sensor Technol-
ogy (ERAST) project. This unique craft is
intended to demonstrate the ability to reach
and sustain horizontal flight at 100,000 feet
altitude on a single-day flight, and to main-
tain flight above 50,000 feet altitude for at
least four days — both on electrical power
derived from non-polluting solar energy.
These capabilities will be tested during fu-
ture flights in Hawaii at PMRF.
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range in the world, PMRF’s capabilities provide a wide variety of simulations
for training, research, development, testing and evaluation as well as educa-
tion endeavors. The Facility was recently approved as the primary test range
for Navy missile defense tests of ship-borne defenses. Companies involved in
these initiatives include ITT, Sandia Labs, MIT-Lincoln Labs, Boeing, DSR,
STI, SAIC, Textron Systems Division, TREX Enterprises, Oceanit Labs, Solipsys
Corporation, Northrop Grumman, and Lockheed Martin. PMRF has received
in excess of $500 million over the last four years as approved by the U.S.
Congress with the support of Hawaii’s senior Senator, Daniel K. Inouye.



¢+ Air Force Space Command — Haleakala: Over the past six years, about

$230 million has been spent to develop, research, and improve atmospheric
and space imagery technology atop Haleakala. The Ground-Based Electro-
Optical Deep Space Surveillance (GEODSS) system at the Maui Space Sur-
veillance Site (one of three such sites around the globe) plays a vital role in
tracking space objects, particularly those in deep space. Over 1,200 objects,
including geostationary communications satellites, are in deep space more than
3,000 miles from earth. GEODSS brings together the telescope, low-light-
level television and computers — three proven technologies. The main tele-
scopes have 40-inch apertures and a two-degree field of view. The system
only operates at night when the telescopes are able to detect objects 10,000
times dimmer than the human eye can see (and track objects as small as a
basketball more than 20,000 miles in space!). Companies utilizing these facili-
ties include Boeing, Textron Systems, TREX Enterprises, and PRC Litton (see
also Astronomy & Space Science).

Pacific Medical Network (PACMEDNET): A congressionally-mandated De-
partment of Defense (DoD) automation and telecommunications project,
PACMEDNET is designed to prototype, validate, and “live-test” demonstrate
clinical solutions to enrich patient encounter information. It furnishes medical
providers with the tools necessary to review patient historical treatment records
that previously have been unavailable from a single source — both eliminating
the need for hand-carried medical records as well as the concern over lost or
missing patient records.

Other benefits of this network include secure, web-enabled remote access to
health information history on demand; increased data integrity; consistent com-
puter-based patient records; assurance of a longitudinal view of patient en-
counter history; synchronization of patient data from disparate
data sources; elimination of time, distance, and enterprise barri-
ers to facilitate provider collaboration; advanced patient data fa-
cilitating triage and treatment; and controlled access to remote
patient data. Tripler Army Medical Center in Honolulu is provid-
ing the technical support and administrative coordination to dem-
onstrate this technology and facilitate its deployment to military
forces throughout the Pacific. Telemedical technologies and pro-
tocols developed through this program are also being transferred
to support private medical institutions and research programs in
Hawaii.

Center for Excellence in Research in Ocean Science
(CEROS): The CEROS Program was created under a $5 mil-
lion grant provided by the Defense Advanced Research Projects
Agency (DARPA) in 1993. CEROS seeks to advance innovative
concepts and new approaches to technology while fully lever-
aging existing facilities and infrastructure in Hawaii and demon-
strating commercial utility for the Department of Defense (DoD).
Its mission is to support the DoD technology requirements; en-
courage leading edge R&D in ocean sciences and technology in Hawaii; foster
use of ocean R&D facilities in Hawaii; provide an interface between special-
ized small businesses with expertise in ocean-related R&D and DoD users of
advanced technology; and develop avenues to ocean science expertise and
facilities at the University of Hawaii. Since 1993, CEROS Research Programs
have funded a total of 116 research and development projects at a total value
of over $46.12 million. The vast majority of grants have been to local busi-
nesses such as Orincon, Makai Ocean Engineering, Pacific Marine, Science &
Technology International, and Oceanit Laboratories (see also Biotechnology
and Ocean R&D).

The U.S. Air Force (USAF) has begun im-
proving its ability to track 500 deep-space
satellites from atop Haleakala by refur-
bishing three telescopes at the Maui
Space Surveillance Complex.
Above, workers lower the 14,800-pound
Ground Based Electro Optical Deep
Space Surveillance System (GEODDS)
telescope onto its new mount.

The Air Force Office of Scientific Research
(AFOSR) and the National Science Founda-
tion (NSF) have allocated $2 million for civil-
ian space research making the Advanced
Electro-Optical System (AEOS), the
U.S. Air Force’s largest and most advanced
telescope system, available to civilian as-
tronomers. Above, Hawaii Senator Daniel K.
Inouye greets Dr. Joseph Janni, former direc-
tor of AFOSR, at a recent technical confer-
ence on Maui. The Senator continues to play
a key role in helping bring many defense-re-
lated programs to Hawaii.
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Courtesy MHPCC

Courtesy Pacific Marine
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¢ The Maui High Performance Computing Center (MHPCC): Located at the
Maui Research & Technology Park (MRTP), MHPCC is a national

2, 2001, the MHPCC Linux
Supercluster (named “Huinalu”, or “a group of
waves” ) is one of world’s largest and fastest com-
puter superclusters. Housing 520 processors and
with nearly 2,000 processors of IBM Power3 tech-
nology, MHPCC's theoretical peak performance is
a staggering 2.36 teraflops (trillions of scientific cal-
culations per second). MHPCC offers high-speed
parallel processing capabilities that can serve a
broad range of industries (e.g., medicine, as-
tronomy, global climate modeling, coastal resource
management, Geographical Information Systems/
Global Positioning Systems (GIS/GPS), ship de-
sign, disaster management, fire danger modeling).

supercomputing center established by the University of New Mexico
through a Cooperative Agreement with the Air Force Research Labora-
tory. MHPCC offers a large-scale parallel computing platform with both
classified and unclassified capabilities, terabytes of disk and on-line tape
storage, and a high-speed communications infrastructure that connects
directly to the Defense Research and Engineering Network (DREN) and
the Internet backbone.

MHPCC supports the research efforts of the Air Force's Maui Space Sur-
veillance Complex (MSSC). To integrate its high performance computing
tools with MSSC, MHPCC is developing the Maui Image Manager and
Online Systems Archive —a web based environment for processing, view-
ing, and archiving data collected at the MSSC site (see also Astronomy &
Space Science). MHPCC also supports the Pacific Disaster Center at
MRTP (see opposite page), as well as the Pacific Missile Range Facility
on Kauai (see previous pages).

From the development of more accurate weather and climate forecasts
to advanced manufacturing designs to life-saving pharmaceuticals,
MHPCC is uniquely positioned to assist in the migration of basic research
to production by offering a state-of-the-art computing environment for
prototyping and testing high performance computing applications.
MHPCC'’s current focus areas include processing data from telescopes,
satellites, radar, and other sensors; environmental and disaster modeling
and battlefield simulations; and advanced technology workshops as well
as the integration of high performance computing technology into
the classroom (see also Information Technology).

+ Remote Sensing/GIS: Federal funds have been appropriated to develop and
test multispectral, hyperspectral and imaging radar sensors for a broad range

Pacific Marine, through its subsidiary Navatek, is a
nationally recognized leader in the design of advanced ship
hull forms for the U.S. Navy’s Office of Naval Research.
The company's patented MIDFOIL hull design emerged
from a decade of research on SWATH, hydrofoil, and un-
derwater lifting body hull technologies. The MIDFOIL hull
form offers superior stability in rough seas; increased pay-
load; reduced fuel costs; and permits higher speeds with-
out an increase in installed horsepower. This “dual use”
technology has commercial applications as well, including
as a fast passenger or car ferry. The company is looking
at using the technology in Hawaii for an inter-island ferry.
MHPCC supports Navatek’s computational fluid dynam-
ics (CFD) work used to design and improve the company's
cutting-edge MIDFOIL technology.

of applications. For example, TerraSystems, Inc. at the Manoa In-
novation Center (MIC) is providing airborne and spaceborne remote
sensing imagery and imagery products to managers and engineers
involved in environmental monitoring and engineering, coastal as-
sessment, and land use and resource management; and develops,
produces and sells the highest-quality digital cameras to support
the most up-to-date airborne and underwater mapping and survey-
ing techniques. Innovative Technical Solutions (ITS), also at MIC,
is engaged in the research and development of advanced electro-
optical devices and systems, advanced hyperspectral algorithms,
and software to support environmental and underwater applications.
Science and Technology International (STI), based in downtown
Honolulu, focuses on the ability to acquire and process spectral
information about objects, using visible to near-infrared and ther-
mal hyperspectral imaging systems, dual-mode fluorescence im-
aging, grazing LIDA, and other sensor technologies to facilitate
data collection and system integration, image and statistical analy-
sis, and complementary products and services. Geo InSight Inter-
national Inc., another MIC tenant, specializes in geographic infor-
mation solutions and products for defense, government and indus-
try, combining leading-edge data collection and visualization tech-
nologies with industry-standard software and systems to develop
cost-efficient, flexible, and powerful GIS desktop, enterprise, and
web-based applications.



Courtesy KEDB

+ Pacific Disaster Center (PDC): The PDC is a federally supported information
processing center designed to develop and provide value-added information to
assist federal, state, local, and regional emergency managers with disaster
mitigation, preparation, response and recovery within the Pacific region. PDC
brings information innovation to the disaster management community by link-
ing scientific understanding, open-source data, and web-based geospatial tech-
nologies to support disaster reduction. PDC is being developed as an organi-
zational and technological model for global, national, and local disaster man-
agement initiatives.

Based in Hawaii, PDC has resources located on the islands of Maui and Oahu.
The main PDC facility is situated in the Maui Research & Technology Park.
Smaller satellite facilities are in Diamond Head Crater with the Hawaii State
Civil Defense Emergency Operating Center and Fort Shafter with the U.S. Army
Corps of Engineers, the Federal Emergency Management Agency (FEMA), the
U.S. Navy’s Pacific Fleet (PACFLT), and other federal entities engaged in emer-
gency management in the Pacific.

Many federal civil and defense department agencies have become involved in
PDC development. Federal participants have included (but are not limited to)
the National Oceanic and Atmospheric Administration, the National Weather
Service, the U.S. Geological Survey, the National Aeronautics and Space Ad-
ministration (NASA), FEMA, and the U.S. Department of Defense. In FY 1999,
the NASA Solid Earth and Natural Hazards (SENH) program executed a joint
DoD-NASA program for research and development of modeling and simulation
(M&S) applications for consequence assessment of natural and man-made haz-
ards. NASA awarded and is now managing 15 projects
consisting of contracts, grants, and cooperative research
agreements to develop M&S applications for operational
integration into the PDC.

Other dynamic dual-use areas under development at
the University of Hawaii and at several Hawaii-based compa-
nies include intelligent underwater vehicles to support cable
streaming, mine hunting, and munitions retrieval projects; the
manufacturing of composite materials for use in spacecratft,
space structures, and electric vehicles; microelectro-mechani-
cal systems for
use in weapons
and control
guidance, navi-
gation, mass
data storage,
identification
systems, and
aircraft opera-
tions; wave-
length division

The area of interest of the Pacific Disas-
ter Center (PDC) initially included Hawaii,
Alaska, and the pacific insular States of
Guam, American Samoa, Marshall Is-
lands, Northern Marianas, Palau, and
Micronesia. In April 1998, Public Law 105-
174 expanded the area of interest of the
PDC to match the area of responsibility
of the Commander in Chief, Pacific Com-
mand. This expanded geographical re-
sponsibility (shaded in blue) currently ex-
tends westward from the West coast of
the continental United States, to the East
coast of Africa, thereby including almost
all of the Pacific Ocean and East Asia.

The West Kauai Technology & Visitor
Center, which initially opened in April, 1999, is
undergoing a $3.9 million renovation to support
operations for an expanded host of tenants in-
cluding Digital System Resources, the Office of
Naval Research, SAIC, Lockheed Martin,
Northrop Grumman, Boeing, MIT Lincoln Labs,
the Sensor Integration Center, and Science &
Technology International. These companies will
bring a strong focus on dual-use technology as
they support the ongoing operations of the Pa-
cific Missile Range Facility.

multiplexed net-
works to sup-
port telecom-
munications
and Internet in-
frastructures; and micro/millimeter
wave communication systems to en-
hance automotive radar, collision-
avoidance systems, and landing and
navigational aids for aircraft and ships.

DISASTER
MANAGEMENT

Examples of PDC Products - The data resources and computing power
available through the PDC enable emergency managers to access a
broad range of information regarding both natural and man-made di-
sasters. Pictured above, clockwise from left, are: GOES-9 Visible
Imagery of a hurricane; annotated imagery showing the extent of the
storm surge; Makaha Valley surface analysis; multispectral flood im-
agery; a water restrictions map of Hawaii County; a map of Oahu-
North Shore precipitation totals; potential coastal storm surge and flood
hazards areas; and a hurricane watch and warning situation map.
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ENVIRONMENT & RESOURCE MANAGEMENT

Promoting Responsible Development through Sustainable Technologies
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The map above shows rare and en-
dangered species locations overlaid

% on the re-
maining native natural communities in West Oahu as docu-
mented by the Hawaii Natural Heritage Program’s Natural Di-

-rhe critical links between Hawaii’s fragile island ecosys-
tem and its economy have encouraged numerous innovations in
environmental technology and energy efficiency. Private firms op-
erate highly efficient combined-cycle oil-fired generators as well as
a state-of-the-technology 180MW coal-fired power generator em-
ploying atmospheric fluidized bed combustion for extremely clean
electricity production. The state is also a leader in the use of highly
efficient electrotechnologies for lighting, cooling, and other demand-
side applications.

The Hawaii Natural Heritage Program (HINHP) at the Uni-
versity of Hawaii works to protect the environment for future gen-
erations by surveying conservation zones for areas of biological sig-
nificance and monitoring threats to ecosystem health such as alien
species encroachment. HINHP staff currently maintains the Natu-
ral Diversity Database — the most comprehensive spatial database

versity Database and GIS. The HINHP database and GIS is
the largest of its kind in Hawaii and contains information such
as numbers of individuals seen, date last observed, habitat
conditions, threats, and other details relevant to conservation.
The Hawaiian tree snail (Achatinella mustelina) is an endan-
gered species found only on Oahu. It spends most of its life on
native trees and/or bushes such as the O‘hia, where it feeds

inventory of rare and endangered, plants, animals, and ecosystems
in Hawaii. HINHP uses geographic information systems (GIS), glo-
bal positioning systems (GPS), and remote sensing to provide in-
valuable biological information on the distribution and abundance
of these species to state, federal, and private organizations. As

on fungi which it scrapes from the surfaces of the leaves.

MANAGING NATURAL

part of the Center for Conservation Research and Training (CCRT),
HINHP has expanded its mission to include training and mentoring
programs that strive to integrate scientific research and technology

with applied natural resource management to enhance problem solving and deci-
sion-making. This Hawaii-based program is working to spur the development of
GIS-based biodiversity databases in other regions and to serve as a major research

RESOURCES

Courtesy TerraSystems, Inc.

This view of the coastline of West Maui, a
digital map produced with TerraSystem’s
TS-1 multi-spectral camera, highlights
coastal areas (blue) infested with the ob-
noxious red algae, hypnea (coded red),
and benign green algae (coded green and
yellow). TerraSystems, Inc., a Ha-
waii-based technology corporation, pro-
vides airborne and spaceborne remote
sensing imagery and imagery products
(primarily from high-resolution panchro-
matic, multispectral, hyperspectral and im-
aging radar sensors) for environmental
monitoring and engineering, coastal as-
sessment, and land use resource manage-
ment.
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and training center for natural
resource managers from the
Asia-Pacific Region.

Among the most lim-
iting commodities of island
ecosystems are their water re-
sources. Protection of water-
shed ecosystems to sustain
water quality and quantity is
critical for economic develop-
ment. The fringing coral reef
ecosystem is also an impor-
tant component of an island’s
economic base. Fisheries,
tourism, recreation, and other
marine activities are depen-
dent on the health of the coral
reef ecosystem. Impact from
red soil erosion and other hu-
man activities such as agricul-
ture, and the construction of
roads, dams, and other struc-
tures, can result in soil runoff

into coral reefs. GIS analyses of hydrological features will be increasingly impor-

Pictured above is a pseudo-color 3-D rendering of
Kaneohe Marine Corps Base on Oahu created for water-
shed management (watershed demarcated in red). This
image was produced by Geo InSight International,
Inc. — a consulting firm specializing in GIS and related
technologies, including CAD, DGPS, remote sensing/ im-
age processing, digital orthophotography, and multime-
dia database management. The company provides com-
prehensive planning, design, development, and integra-
tion services; custom programming; GIS training and on-
site technical assistance. Custom programs enhance the
utility and productivity of AutoCAD, ARC/INFO, ArcView,
ERDAS, and Intergraph/MicroStation for environmental
resource management, utility management, and defense
and emergency response planning.

tant for protecting both watersheds and marine ecosystems.

Courtesy Geo InSight International, Inc.



Growing concern about climate change and global warming due to anthro-
pogenic greenhouse gas emissions has led to increased interest in ways to reduce
or offset those emissions. Forestry in Hawaii offers some profitable opportunities
for development or acquisition of such offsets.

The Kyoto Protocol committed nations to place legally binding limits on
their emissions of greenhouse gases (“GHG”). A central feature of the protocol is a
set of binding emissions targets for developed nations. The protocol enabled two
forms of exchange — trading of assigned emissions amounts, and project-based
emissions reduction credit trading — to spur nations to shift to greenhouse-friendly
development. The protocol also facilitates application of these incentive systems
to the conservation, management, and regeneration of forests that sequester CO,
— the principal greenhouse gas.

Hawaii has a unique combination of attributes and a window of opportunity
to establish Carbon Offset Forestry (COF) initiatives. Successful COF projects can
be designed in Hawaii that meet all identified international criteria. Hawaii’s exist-
ing native and naturalized forests, which have been under active management since
the turn of the century, already provide a large carbon sink. In addition, thousands
of acres of agricultural lands are now vacant after over 100 years of sugar produc-
tion.

Although the protocol for carbon credits has not been finalized, many com-
panies are already investing in COF projects. Some projects undertaken have had
public relations as well as carbon sequestration benefits, but all have offered valu-
able experiences that will affect the future of other larger scale COF projects. In
addition, credits may be transferred or sold, offering a promising source of income
for the industry.

Private industry has recognized Hawaii’s advantages for forest investment
(political stability; ideal growing conditions; skilled workers with relatively easy tran-
sition of skills; machinery from the sugar industry; excellent roads, ports, and tele-
communications; research and development institutions; and attractive living con-
ditions), and has begun to make major investments in forest plantations. Sizable
investments in carbon sequestration can be attracted from outside Hawaii by
partnering with the State and private landowners to mitigate global warming and
create a sustainable local forestry industry, with value to be derived from a system
of tradeable international emission credits.

Research and development efforts currently underway in Hawaii have the
potential to provide alternative energy, as well as to contribute to greenhouse gas
emissions reductions. Researchers from the U.S., Japan, Norway, Canada and
Australia plan to test the feasibility of deep ocean sequestration of CO, via dis-
charge from submerged pipelines. Hawaii researchers have previously proposed
and published papers on a process to reduce CO, emissions from power plants by
precombustion reforming of fuel and deep ocean discharge of CO, from fossil fuel.
The process involves reforming a hydrocarbon fuel into a mixture of hydrogen to be
used for power generation, while the liquefied CO, is discharged into the deep ocean.
In the future, such measures may be among those necessary to reduce CO, emis-
sions and their impact on global climate.

Hawaii’s private sector is working to accelerate and commercialize key
sustainable technologies that will support the Earth’s burgeoning population while
reducing environmental pollution. These efforts have not only received nationwide
commendation, but have also contributed to the State’s programs in international
technical assistance and service sector exports, particularly in the Asia-Pacific re-
gion. Several companies in Hawaii are finding creative ways to utilize waste prod-
ucts, which include converting used plastics to manufacture plastic lumber;
greenwaste to produce soil amendment products; recycled cellulose for hydromulch

OPPORTUNITIES IN
FORESTRY

Courtesy Dr. Michael J. Antal

Charcoal has been made in virtually
the same way for 6000 years. The pro-
cess is long, causes severe air pollution,
and produces low yields. An innovative
technique developed by Dr. Michael J.
Antal, Jr., Coral Industries Distinguished
Professor of Renewable Energy Re-
sources at the University of Hawaii, can
significantly decrease production time to
an hour or less, thereby reducing smoke
and other pollution while doubling yields.
This enhanced efficiency could also help
slow deforestation and reduce green-
house gas emissions in many develop-
ing nations that use large amounts of
charcoal. Pictured above is a High-Yield
Charcoal Pilot Plant in operation at UH.

MANAGING CO, AND
WASTE PRODUCTS

Chambers at the Hawaii Natural En-
ergy Institute (HNEI) that simulate the
ocean depths are used to test the poten-
tial of sequestering carbon dioxide, a ma-
jor greenhouse gas, in deep ocean waters.
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Courtesy ERTD/DBEDT

PROMOTING
ENERGY EFFICIENCY

The groundbreaking ceremony for the Ha-
waii Energy Efficient Model Demonstra-
tion Home in Waianae Valley on Oahu, No-
vember 6, 2000. This is the first pack-
aged home with energy-efficient features
including a solar water heater, radiant bar-
rier, and natural ventilation. These items
will help keep the house comfortable for
living year-round without the need for air
conditioning. The people in the photo in-
clude (L to R): Peter Dreyfuss, Deputy
Chief of Staff, Energy Efficiency and Re-
newable Energy, U.S. Department of En-
ergy; Raynard C. Soon, Chairman, Ha-
waiian Homes Commission; Chuck
Ehrhorn, AIA, President, Honolulu Chap-
ter, American Institute of Architects;
Maurice H. Kaya, Program Administrator,
DBEDT Energy, Resources & Technology
Division; Audrey Hidano, President, Build-
ing Industry Association of Hawaii; Randy
Lau, Designer Built Systems; Jackie Mahi
Erickson, Vice President, Hawaiian Elec-
tric Company, Inc.; Terris H. Inglett, Presi-
dent and Chief Operating Officer,
Honsador Lumber Corporation.
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and insulation; used paper for oil change boxes; and a broad range of functional
and beautiful items from recycled glass. Some waste products are also used for
energy and fuels production (see also Renewable Energy).

The U.S. Army in Hawaii is proposing to conduct a phytoremediation dem-
onstration project at Makua Military Reservation on Oahu, using soils from the Open
Burn/Detonation Unit. Phytoremediation utilizes plants to help extract and reduce
undesirable chemicals that may be detrimental to the land where they are being
deployed. The objectives of this project are to (1) demonstrate the effectiveness of
plants, unique to the Asia-Pacific region, to bioaccumulate and biodegrade con-
tamination; (2) assist with the transfer of this technology to other areas in the Asia-
Pacific region that require similar applications; and (3) expand education and out-
reach by helping to retrain agricultural employees in agriculturally-based remediation
programs through the hands-on applications involved with this project.

A Directory of Environmental Businesses in Hawaii (www.state.hi.us/dbedt/
ert/chc/00envdir.html) lists major environmental businesses, organizations, and
government agencies in the State of Hawaii, including consultants, engineers, phy-
sicians, and researchers; recycling, remanufacturing, cleaning, repair, and waste
disposal companies; energy, parts, supplies, and equipment; and wholesalers, re-
tailers, and exporters.

Over the years, the State of Hawaii has demonstrated consider-
able leadership in promoting energy efficiency programs. For example, the
state has successfully attracted federal funding to initiate a number of inno-
vative programs developing guidelines for efficient residences, assisting lo-
cal builders to incorporate these guidelines, promulgating the Model En-
ergy Code for commercial buildings, and evaluating the latest electro-tech-
nologies for Cooling Climates. The technical information and tools devel-
oped from these programs provide excellent technical assistance services
and products for export.

Hawaii has created a unique statewide partnership to promote en-
ergy-efficient buildings under the Rebuild Hawaii Consortium that facilitates
cooperation and technical exchange among local, state, and federal agen-
cies, private energy businesses and professional organizations. The State
of Hawaii was recognized by the U.S. Department of Energy for its out-
standing achievements through the Rebuild Hawaii program, and received
the Rebuild America Award for Energy Excellence in State Government, the Re-
build America State Representative of the Year, and the Rebuild America Award for
Energy Excellence in Commercial Buildings. The experience and expertise of initi-
ating and expanding public/private partnerships and the examples of successful,
efficient building technologies are highlights which can be shared for export.

In co-sponsorship with eleven industry, government, and community orga-
nizations, the State of Hawaii staged a highly successful Energy Efficiency Policy
Symposium to discuss cost-effective alternatives to increase energy efficiency and
sustainability. In addition to a presentation of alternative state energy policies,
emphasis was given to the significance of diminishing reserves of fossil fuel, the
need for promoting energy-efficiency, and the importance of using renewable re-
source and technologies. Speakers discussed their individual state approaches to
help attain these goals. Over 140 attendees participated in discussions focusing
on energy policies and practices. A number of distinguished speakers also joined
this event, including, a leading petroleum engineer, two nationally renowned econo-
mists, and representatives from the U.S. Department of Energy, California, Ari-
zona, North Carolina, and the National Conference of State Legislatures. Local
speakers represented the local energy industry, the electric utilities, low-income
housing programs, and a nonprofit school. Papers presented at this Symposium
are available at www.state.hi.us/dbedt/ert/symposium.



The state is conducting a pilot assessment of state and county lands which
qualify as brownfields: lands which are perceived to be contaminated. The pur-
pose of the assessment is to identify a select number of sites for testing and cleanup.
The economic and environmental benefits will be the availability of previously un-
used lands opened for economic development or open space. The resulting pro-
cedural and technical information, as well as the environmental cleanup expertise
and practices, can provide technical assistance and export opportunities.

In early 1997, Governor Benjamin Cayetano proposed to then Philippine
President Fidel Ramos that the Republic of the Philippines and Hawaii collaborate
on developing biomass-to-energy and biowaste management projects. As a re- INTERNATIONAL
sult, in May 1997, a Memorandum of Understanding (MOU) was implemented to COLLABORATION
initiate a cooperative assessment of Philippine biomass-to-energy potential, with
at least two commercial bio-energy projects included as case studies.

In concert with this MOU, a strategic technology market assessment and
development program has been established by DBEDT to facilitate increased ex-
ports of U.S. energy, environmental, and other sustainable technologies and re-
lated services into Asia/Pacific markets. Sustainable technology, especially in the
areas of energy and environmental technologies, will also help to reduce green-
house gas emissions and mitigate global warming. Bolstered by national support
from the U.S. Department of Energy and the Council of State Governments, the
program seeks to match commercial applications of sustainable technologies and
related services with targeted demand in the Asia-Pacific region.

With full intergovernmental agreement and private industry participation,
Hawaii and the Philippines have embarked on a long-range collaborative program
which seeks to increase energy conservation, reduce greenhouse gas emissions,
and develop new energy-efficient high technology industries. The principal compo-
nents of the program, with potential applicability to Hainan Province, China, and
countries of the Indo-China Peninsula, are to:

1. Introduce advanced Hawaii and U.S. energy efficiency technologies
and policies to the Philippines.

2. Support expansion of the Philippines renewable energy industry, in-
cluding identification of biomass-to-energy opportunities and assess-
ment of the biomass-electricity potential of representative sugar mills.

3. Promote environmentally sound energy efficiency and renewable
energy policies and practices.

4. Introduce Hawaii and U.S. energy service companies to business
development and partnering opportunities in the Philippines.

5. Provide policy advisory support on the refinement and enforcement
of Philippine energy codes and building standards.

The State’s efforts to transfer energy technology and
improve environmental protection in the Philippines
is paving the way for Hawaii energy and environ-

6. Provide policy and technical assistance on designing and implement-

ing utility demand-side management programs, as well as on en- mental firms to facilitate the reduction of greenhouse

ergy efficiency performance contracting. gas emissions that contribute to global climate
change, as well as to develop new business oppor-

The Hawaii Natural Energy Institute (HNEI) at the University of tunities for Hawaii. Pictured above are Hawaii rep-

Hawaii is conducting an assessment of bioresidue resources in the Philip- resentatives leading a Workshop on Energy Effi-

pines with the goal of utilizing these resources to generate clean, renew- ciency Policies and Technologies in Manila.

able energy cost effectively. The major components of this effort are case

study investigations of power generation at two sugar mills using sugar-

cane bagasse. The study is also identifying opportunities for existing and emerg-
ing biomass-electricity technologies and technical services (see also Renewable
Energy).
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HEALTH CARE & MEDICAL TECHNOLOGY

Pioneering Research and Clinical Applications
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The John A. Burns School of Medicine’s Division

of Medical Technology trains medical technolo-
gists, or clinical laboratory scientists, to perform
laboratory tests and interpret data on blood, urine
and other specimens to help diagnose and treat
diseases, and to monitor health status. The abil-
ity to distinguish clinically significant morphologic
changes from normal variations requires micro-
scopic analysis. In the picture above, a UH medi-
cal student uses a microscope attached to a CCD
camera to record and study medical images in
fine detail.

UNIVERSITY TRAINING
& RESEARCH

Hawaii is nationally recognized as “the Healthcare State.” Over
85% of its citizens are insured and have their choice of several health care
plans that compete to provide high-quality personalized care. Access to
specialty expertise is readily available, employing the most advanced
healthcare concepts and technologies.

Hawaii’s healthcare providers come from ethnically diverse back-
grounds, with training from a broad range of local and mainland institutions,
and support the culturally sensitive healthcare that our multicultural popula-
tion requires. With its mild subtropical climate, multiple tourism attractions,
and state-of-the-art medical facilities, Hawaii also provides an ideal healthcare
venue for patients from around the Asia-Pacific region, as well as an attrac-
tive “R & R” ambience for their families.

Under the aegis of a newly-recruited dean from Yale University and
with the prospect of an expansive site along Honolulu’s waterfront, the Uni-
versity of Hawaii’'s John A. Burns School of Medicine (JABSOM) offers
vast potential for education, training, research, and town-gown interaction.
Dean Edwin C. Cadman has set forth his goal to “establish JABSOM as a
top flight educational institution as well as a leader in biomedical science
research [and to] build a new learning environment that incorporates tech-
nologies on which our physicians of the future will rely”

Medical Education for physicians, biomedical scientists, and allied
health workers in Hawaii and around the Pacific is a core component of
JABSOM’s mission. The school is one of only a handful of schools in the
nation to convert its curriculum to a “problem-based learning” format adapted
from McMaster University in Canada. Through this MD Program, students
are trained to think critically, to evaluate new information and research data,
and apply their new knowledge to the problem at hand. Special features of
the program include an emphasis on primary care medicine and cross-cul-
tural psychiatry; clinical training in community hospitals and primary care
clinics (by medical school faculty); interdisciplinary training in community
medicine together with students of public health, nursing, and social work;

and opportunities for preceptorships in rural areas of the Hawaiian Islands and
other areas of the Pacific Basin. This novel approach marks a profound reshaping
of the entire learning process — one much better suited to training the high-quality
physicians of the future.

Advanced Medical and Biomedical Research constitutes another core com-

ponent of the JABSOM’s mission. Beginning as an outgrowth of the University’s
Pacific Biomedical Research Center, JABSOM has since become a major re-
search center in the pathology and etiology of disease. It has received international
recognition for pioneering work in human fertility, human heredity, comparative ge-
netics, evolution theory, infectious disease, pharmacology, and cross-cultural psy-
chiatry, among other fields.

Last year, Dr. Ryuzo Yanagimachi, a JABSOM faculty member, rocked the

scientific community with the announcement that his research team had success-
fully cloned laboratory mice. His distinctive cloning technology, dubbed the “Hono-
lulu Technique,” provides scientists with a new and valuable tool for researching the
molecular processes involved in embryo formation, cell differentiation, aging and
disease. It is likely to have major applications in farm animal production, the phar-
maceutical industry and in transplantation medicine (see also Biotechnology).



Another trailblazing JABSOM researcher, Dr. Clayton Chong, is lead inves-
tigator for a national clinical trial at St. Francis Medical Center exploring gene therapy.
This new form of medical treatment could offer ways to ameliorate and even cure
diseases. For example, gene-therapy protocols are exploring new treatments for
cancer in which genes that kill tumor cells are being introduced into cancer patients
through clinical trials.

In the field of Tropical Medicine, JABSOM serves as a resource for infectious
disease research, particularly in relation to illnesses common to Pacific Basin and
Pacific Rim countries. In fact, JABSOM has clinical responsibilities for patients with
the broadest range of infectious diseases of any U.S. medical school. JABSOM'’s
Human Malaria Research Program, run through Leahi Hospital, is actively engaged
in the development of a malaria vaccine, and has developed collaborations with
other prestigious research teams including the Institute Pasteur in Paris and Tokyo’s
Daiichi Pharmaceutica, as well as with field site scientists in Papua New Guinea,
the Philippines, and Colombia. Dr. Sandra Chang and her team of researchers in
the Department of Tropical Medicine and Medical Microbiology have developed an
experimental vaccine using recombinant DNA technology that has proven effective
in tests with monkeys. UH is patenting the vaccine and working with the World
Health Organization and a European pharmaceutical company to produce suffi-
cient quantities of the vaccine for human clinical trials that could begin in 2002.

JABSOM'’s program in Geriatric Medicine has achieved national and inter-
national prominence and attracted significant extramural funding in support of its
educational and research activities. The Program’s Pacific Islands Geriatric Edu-
cation Center is designed to help alleviate the shortage of health professionals in
Geriatrics. Its areas of focus include developing new clinical geriatric services, im-
proving the geriatric curriculum in health professions schools and providing geriat-
ric training to health professionals currently working with older people. The John A.
Hartford Foundation Center of Excellence in Geriatrics, a joint effort of the Founda-
tion, the University of Hawaii Geriatric Medicine Pro-
gram, and Kuakini Medical Center, is the main teach-
ing hospital for the JABSOM Geriatric Medicine Pro-
gram, with the goal of attracting and preparing out-
standing physicians for careers in geriatrics.

The year round popularity of SCUBA diving in Ha-
waii mandated the need for a facility that could pro-
vide definitive emergency care for divers who suffer
from Decompression lliness such as “the bends” and
gas embolism. JABSOM’s Hyperbaric Treatment
Center (HTC) also provides adjunctive supportive
hyperbaric oxygen (HBO) for patients suffering from
non-healing wound, radiation damage, and other
medical conditions that benefit from the delivery of
extremely high levels of oxygen. Firstopened in 1983,
HTC is one of the few research centers in the world
exclusively dedicated to hyperbaric medicine. Their
updated, state-of-the-art facility, located at Kuakini
Medical Center, was completed in 1995.

JABSOM also has made a major commitment to involving its students in
the community it serves through several major programs, including the “Community
Partnerships with Health Professions Education” initiative funded by a competitive
$6 million grant from the Kellogg Foundation. This innovative program has led to an
association between the University of Hawaii’'s Schools of Medicine, Nursing, Pub-
lic Health and Social Work, and several community health centers throughout the
State to develop and maintain a dynamic, community-based and integrated system
of medical care, education and research.

The 15,000 square foot Institute for
Biogenesis Research was dedicated
in September, 2000, at the University of
Hawaii’s John A. Burns School of Medi-
cine. The institute represents a joining of
state, university and private funding to
create a world-class research facility. The
$4.9 million state-of-the-art building was
created to help take the School of
Medicine’s ground-breaking research to
the next level, as well as to attract top
researchers to the University.

Courtesy Dr. Robert Overlock - HTC/UH

The Hyperbaric Treatment Center at Kuakini
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Looking to the Future:
Dean Edwin Cadman is work-
ing to ensure that JABSOM wiill
remain “Hawaii’s leader in the
study and evaluation of human
health and disease — not only

in the health of populations, Q. \ L

but also in the basic scientific
investigation of the molecular
biology of disease.” In concert
with this vision, JABSOM is
building upon its current pro-
grams to pursue innovative ini-

tiatives that will:

*

Use computer technology and the resources of Maui’s High Performance
Computing Center (MHPCC — see also Defense and Dual-Use Technol-
ogy and Information Technology) to develop a center that will have the
capability to simulate life-threatening and pre-surgery conditions — a facil-
ity destined to become one of the nation’s leading centers for training and
credentialing physicians.

Take advantage of Hawaii’'s unique mid-Pacific location to pioneer the
study of life-threatening infectious diseases emerging in the Asia-Pacific
region.

Enable Hawaii to grow as a nationally-recognized leader for the educa-
tion, study and evaluation of complementary and alternative medicine.

Facilitate development of a vaccine for HIV, partnering with Asian coun-
tries where the AIDS epidemic is on the rise.

Provide a platform for studies involving disease prevention using our un-
derstanding of the human genome.

Focus on neurogenerative disorders, complementing efforts underway on
the biology of neurological disorders in AIDS and the biology of cognition.

Promote research conducted at the medical school’s new Institute for
Biogenesis Research on cloning, embryo development, transgenesis, germ
cell biology, and fertilization analysis and assisted reproduction.

Courtesy JABSOM

Telemedicine — the use of advanced tele-
communications technologies to exchange health
information and provide health care services across
geographic, time, social and cultural barriers (as
defined by Jim Reid in his Handbook on
Telemedicine) — is becoming more feasible and
affordable with reductions in telecommunications
costs and innovations such as digital technology,
fiber-optics, Internet technologies and protocols,
and rapid advances in computer science and ca-
pabilities. Hawaii has long been investing in tele-
communications and telehealth technologies. Both
State government and the private sector in Hawaii
anticipated the digital revolution and championed
the development of the infrastructure necessary to
meet the state’s telecommunications needs — in-
cluding networks with the bandwidth, or carrying
capacity, for high volume data transfers.

Telemedicine and telehealth operations
have grown in Hawaii as in the rest of the U.S. The
Department of Defense, through the Tripler Army
Medical Center and the AKAMAI Project, is a
renowned pioneer in telemedicine, both nationally
and internationally. Tele-radiology in Hawaii has
become a mature application with proven utility.
All the major community hospitals and health care
systems have been investigating and investing in
telemedicine capabilities. The Hawaii Health Sys-
tems Corporation (HHSC), an association of State
Hospitals, regularly utilizes telemedicine technolo-
gies. HHSC and community health centers have
been the recipients of grants from the Harry and

Jeannette Weinberg Foundation for telemedicine
equipment. Divisions of the University of Hawaii,
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such as the School of Nursing at Manoa and the
UH Community College System, have been using telemedicine technologies for
medical education and patient care. Pilot studies using low bandwidth video-phones
are currently underway. Other health organizations such as third party payers,
capitated health plans and medical service organizations are looking to telemedicine
to improve and enhance services.

JABSOM is one of 10 medical schools across the country involved in
telemedicine and telehealth education and applications. Undergraduate, graduate,
post graduate and continuing medical educational programs already use multiple
modalities of telemedicine including store and forward systems, as well as real
time, full motion, multipoint video teleconferencing.

The UH Telemedicine Project — a JABSOM research group —is currently
developing a multimedia telemedicine curriculum for the Department of Defense
that will assist health care providers in the use of telemedicine technologies to
deliver health care and medical education over distance. The Project is establish-
ing a clinical telemedicine network as a test bed to allow University students, physi-
cians in training, faculty and community primary care physicians, medical sub-spe-
cialists, and other health care providers to learn to use telemedicine both in patient
care and medical education. The State of Hawaii Telehealth Access Network
(STAN) and UH/ Information and Technology Service (ITS) are providing con-
nections that allow high speed data transfer for video teleconferencing,



as well as store and forward access to the University of Hawaii and
Community College System, Waianae Coast Comprehensive Health
Center, The Queen Emma Clinics, and the Kalihi Palama Commu-
nity Health Center. Similar connections will be extended to HHSC,
the Veterans Administration Regional Medical Center, private sec-
tor health care organizations and via satellite to areas of the Pa-
cific.

Another model demonstration project representing a
telehealth collaboration between JABSOM and the University of
New Mexico Medical School, Project TOUCH (Telehealth Outreach
for Unified Community Health) is part of a multi-year strategy to
improve the quality of health care service and education in remote
multicultural areas within both states. Utilizing advanced informa-
tion systems and high performance computing, and in collabora-
tion with rural hospitals and training sites, the medical schools are
enhancing and deploying their existing problem-based learning cur-
ricula to support training of students and health care providers. The
current curriculum is focusing on traumatic brain injuries, and uses
the Maui High Performance Computing Center’'s massively parallel
processing computer to provide virtual reality models, enhanced 3-
D images, and computer simulations for the project. “We plan to be
of service to the university, the school of medicine, the healthcare
community, and the community at large,” notes TOUCH project di-
rector Dr. Stanley Saiki. “Our goal is to help these groups utilize
the advanced technologies in computing and telecommunications
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The State Telemedicine Access Network (STAN)
was established in 1997 as a partnership among the Ha-
waii Health Systems Corporation (HHSC), the High Tech-
nology Development Corporation (HTDC), the Pan-Pacific
Education and Communication Experiments by Satellite
(PEACESAT), and the Telecommunications and Information
Policy Group (TIP-G) of the Social Science Research Insti-
tute of Hawaii. This public-private network enables health
care providers, educational institutions, and health and eco-
nomic development government agencies in the Asia-Pa-
cific Region to interconnect clinical, financial, and manage-
ment information systems; clinical telemedicine systems and
applications; continuing health and medical education and
training; and community and patient information services.
It achieves client connectivity through fiber optics, digital
microwave, high-bit rate copper, Integrated Services Digital
Networking (ISDN), and satellite telecommunication links.

in order to provide medical education and healthcare services over

distance. Parallel computing gives us access to powerful machines

that can create three-dimensional displays and virtual reality environments. It's a
frontier offering revolutionary opportunities for learning.”

A number of medical and research institutions in Hawaii are pioneering the
forefront of telemedicine and telehealth. Supported by a $550,000 grant from the
Technology Opportunities Program of the U.S. Department of Commerce, the Fetal
Tele-Ultrasound Project supports women with high-risk pregnancies through the
Fetal Diagnostic Center (FDC) at Kapiolani Medical Center (KMC). Radiolo-
gists, obstetricians and primary care providers refer high-risk pregnancies to the
location of the nearest ultrasound machine in the community where the patient
lives. The machines are electronically linked to the FDC, where specialists are
able to remotely observe the medical condition of each patient. This system in-
creases the accessibility of women with high-risk pregnancies to specialty healthcare
services, and reduces the driving and flying time of both pregnant patients and
physicians in providing optimal diagnostic care. Through this tele-ultrasound ser-
vice, FDC can provide specialty care and advice 24 hours per day, 7 days per
week.

Another catalyst enhancing medical services in Hawaii is Dr. Earl Bakken,
the inventor of the pacemaker. Since retiring in Hawaii, Dr. Bakken has become a
leading figure in a movement to transform the “Big Island” of Hawaii into the “Heal-
ing Island.” The “healing concept” is a holistic approach which embodies the cura-
tive properties of Hawaii’s clean air, salt water, sun, earth, spirituality, and aloha,
complemented by state-of-the-art medical equipment. This new healthcare deliv-
ery model is especially suited for chronic pain, cosmetic and reconstructive sur-
gery, stroke rehabilitation, dermatology, electrical stimulation procedures, sports
injuries, assisted living and hospice care. Dr. Bakken is also the co-founder of
Medtronic — the world's leading medical technology company — providing a wide
range of products for physicians to solve the most challenging medical problems.
Medtronic, which generates annual revenues of over $5 billion, does business in
120 countries, and has a workforce of 25,000 employees.
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Pictured above is the Kapiolani Medi-
cal Center (KMC) Fetal Tele-Ultra-
sound Machine. The monitor shows the
fetus’ image in the mother's womb to the
attending physician. The unit to the left is
the Tandbert Health Care System Ill, which
enables the hospital to retrofit the regular
ultrasound unit to become a “tele-ultra-
sound” unit. A wide angle camera is
mounted on top of the monitor, where there
is also a unidirectional microphone which
facilitates freedom of conversation among
patient, physician, and technician at the re-
mote satellite site with the perinatologist at
the Fetal Diagnostic Center on Oahu.
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Dr. Jorge G. Camara at St. Francis Medical Center in Honolulu uses video
teleconsultation to help guide another doctor performing eye surgery on a pa-
tient at Hilo Medical Center on the island of Hawaii. The first such teleconsultation
of its kind, performed by St. Francis to support orbital eye socket surgery in
February of 1999, was covered nationally by NBC News and CNN.
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A Gamma Knife Center of the
Pacific has been established at St.
Francis Medical Center in Honolulu to
train neurosurgeons and market its ser-
vices to patients across the Pacific. De-
spite the title, the Gamma Knife is not a
knife at all, but an instrument which con-
verges 201 beams of cobalt-60 radia-
tion on trouble spots inside the brain.
The technology doesn’t eliminate the
need for conventional brain surgery, or
conventional radiation or chemotherapy,
but can be used in select situations
where it’s the best treatment choice —
for example, in the case of deep-seated
or spread-out tumors. Pictured above,
Dr. Maurice Nicholson, Medical Direc-
tor of the Gamma Knife Center of the
Pacific, and Dawn Wahinekapu demon-
strate the device.

St. Francis Medical Center (SFMC) on
Oahu is pioneering the use of video tele-
consultation to support teleconsultation during
clinical procedures in remote locations. In Febru-
ary, 1999, Dr. Jorge Camara, based at St. Francis
in Honolulu, assisted opthamologist Susan Senft
at North Hawaii Community Hospital on the island
of Hawaii in removing a tumor in the orbital eye
socket of a 16-year-old girl. This was the first time
in the world that telemedicine technology was used
in the removal of an eye tumor. The operation
took 50 minutes; and only a few hours after the
operation, the teenage patient was resting com-
fortably at home. The project was made possible
through sophisticated videoconferencing equip-
ment donated by the Harry and Jeanette Weinberg
Foundation. GTE Hawaiian Tel (now Verizon Ha-
waii) was St. Francis Medical Center’s provider
for the network and equipment for this telemedicine
procedure. As one of the vendors for the
telemedicine network, Verizon Hawaii will help
complete the project’s goal of connecting six is-
lands and 28 hospitals and clinics.

St. Francis is also home to the Renal Institute of the Pacific, the largest
hospital-based renal dialysis program in the nation. It runs the Transplant Institute
of the Pacific, making St. Francis the only hospital in Hawaii to perform heart, kid-
ney, bone marrow, liver and kidney/pancreas transplants. At the Gamma Knife
Center of the Pacific (see sidebar), St. Francis neurosurgeons utilize state-of-the-
art cobalt radiation technology to destroy brain lesions. The St. Francis Heart Cen-
ter also pioneered the first laser procedure for treatment of heart disease in Hawaii.
Called a TMR, or transmyocardial revascularization, this procedure involves the
use of a high-energy, computer-synchronized carbon dioxide (CO,) laser, called
the Heart Laser System, to create channels through oxygen-deprived heart muscle
(myocardium). Other specialty areas include cancer, liver, neurological and pain
management services.

The Pacific e-Health Innovation Center (P-elC), located at Tripler Army
Medical Center (TAMC) in Honolulu, was established by the Department of De-
fense to develop and exploit technologies that support a virtual DoD Tri-Service
electronic healthcare system throughout the Pacific region. This support is being
accomplished through prototyping, modeling, demonstrating, and validating emerg-
ing technologies for healthcare and clinical applications. In order to gain synergies
in its efforts to further its goals, the P-elC has established strong working alliances
with a number of local, state and federal organizations, including the University of
Hawaii, Harvard and Georgetown Universities, the Joslin Diabetes Center, the Of-
fice of Hawaiian Affairs, Alu-Like, the Economic Development Alliance of Hawaii,
the Henry Ford Health Care System, Tripler and Walter Reed Army Medical Cen-
ters, the Department of Veterans Affairs, the Navy, Air Force, Coast Guard and
Marines, and the Alaska Federal Healthcare Partnership.

The P-elC has established an agreement with the Economic Development
Alliance of Hawaii to facilitate the transfer of DoD-developed telemedicine tech-
nologies to the private sector. P-elC has solicited proposals from commercial en-
terprises to partner with the DoD in executing leading-edge technology research,
development, testing, and evaluation activities related to telemedicine. This cost
sharing helps stimulate commercial firms by creating an incubator for developing
innovative technology solutions to solve healthcare problems.



Researchers from Maui, Kauai, Hawaii, and P-elC on Oahu are now col-
laborating on several innovative E-health projects. Funded by the DoD, these re-
search projects are focused on improving medical treatment at remote military fa-
cilities and have short-term commercial applications that will benefit the public sec-
tor. One project, RAMS-MT (Remote Access to Medical Specialists - Maui
testbed), is managed and directed by Trex Enterprises located in the Maui Re-
search & Technology Center. Continued collaboration with experts throughout Ha-
waii will lead to a “concept of operations” (CONOPS) for medical technology trans-
fer from TAMC.

One notable function of RAMS will be to facilitate monitoring of ICU critical
care patients in remote locations, allowing medical specialists to read EKG wave-
forms, blood oxygen levels, and blood pressure in near real time via a secure Internet
connection. RAMS team members are also developing a “decision support pro-
gram” designed to assist healthcare providers in interpreting patient monitoring
information. This program could trigger an alarm when critical events occur, or
provide treatment options based on information gleaned from clinical database in-
formation. Trex Maui Sensors is developing methods of capturing, transmitting
and viewing digital radiographic images, which would be transmitted via the Internet
to a secure viewer. Software being developed to recognize visual patterns and
anomalies will assist physicians in interpreting these images.

The collaborative telemed project with TAMC is also exploring ways to im-
prove existing e-health programs. Specialists at TAMC have formed an Internet-
based Tumor Board (ITB) to review digital photographs of tumors while participat-
ing physicians from around the Pacific are connected to TAMC via a conference call
to discuss the medical cases in real time. This procedure has resulted in a reduced
number of medical evacuations, better communication be-
tween primary care providers and specialists, and less dis-
ruption for seriously ill patients. TAMC is also exploring meth-
ods to allow physicians to electronically post comments and
suggestions for tumor board patients as their schedules al-
low (in “asynchronous” mode), allowing experts to collabo-
rate without having to meet in real time.

Queen’s Medical Center (QMC) is pioneering the
field of broadband telemedicine for the home. In the picture
below, Dr. Dan Davis, Medical Director for Clinical Informatics
at Queen’s, examines a digital photo of a skin rash sent
through a secure
web-based tele-
health messaging
system. New tele-
medicine projects
at Queen’s include
web-based home
care, congestive
heart failure man-
agement, continu-
ing medical educa-
tion, tumor board, a
neurology move-
ment  disorder
clinic, hospice, and
state-of-the-art
telehealth facilities
at the new Mabel
Smyth Education
Center.

TREX Maui Sensors has developed a
specialized package of hardware required
to remotely capture and transmit X-ray im-
ages. The system is completely digital, and
produces images (12 MB average in size)
whose quality is equal to traditional film
when viewed on high resolution TFT moni-
tors. Allcomponents are FDA approved, and
are being adapted for military field
telemedicine.
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The Queen's Medical Center, lo-
cated in downtown Honolulu, Hawaii, is a
private, non-profit acute medical care fa-
cility. It is the largest private hospital in
Hawaii, offering a comprehensive range
of primary and specialized care services.
Licensed to operate with 526 acute care
beds and 30 sub-acute beds, the medi-
cal center has more than 3,500 employ-
ees and 1,000 physicians on staff.
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Advanced medical re-
search and technology in Ha-
waii is facilitating break-
throughs in both our

The Cancer Research Center of Hawaii
supports a broad range of activities to achieve its
mission. On the left, a phlebotomist prepares hu-
man blood samples for long-term storage for fu-
ture testing. The top picture illustrates a techni-
cian performing routine maintenance on a liquid
chromatography mass spectrometry system. On
the right, a researcher uses a fluorescence micro-
scope to observe cell-to-cell communication.

understanding of the
human body and the
development of high-
quality healthcare.
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For example,
the Cancer Research
Center of Hawaii
(CRCH), one of 60 Na-
tional Cancer Institute
(NCI) - designated re-
search facilities in the
nation, unites top re-
searchers, modern
scientific equipment
and technology to (1)
identify and evaluate
strategies to reduce
cancer risk factors; (2)

_4

The Positron Emission Tomography (PET) Scanner
Hawaii is home to one of only a handful of PET scan-
ners, brought to the islands through a cooperative agree-
ment between Hamamatsu Corporation in Japan and
Queen’s Medical Center. PET is an unique imaging tech-
nology that allows physicians and researchers to map
biochemical processes within the body in a non-inva-
sive fashion. Unlike CT (computed tomography) and
MRI (magnetic resonance imaging), which primarily
shows the anatomical structures, PET enables us to view
body functions and provides diagnostic information as
well as insight and understanding of disease. The PET
scanner is being used to assist in the diagnosis and

ADVANCED MEDICAL
SCIENCE & TECHNOLOGY

Science & Technology International
(STI) in Honolulu has designed an instru-
ment for Hyperspectral Diagnostic Imag-
ing (HSDI) that utilizes ultraviolet-excited
spectral fluorescence and visual reflectance
imaging techniques for the purpose of non-
invasive disease diagnoses. The instrument
has been designed to exhibit high sensitivity
and specificity in tissue discrimination, while
it also allows for a real-time, accurate and
reliable assessment to be made. The func-
tion is to aid in the identification of malignant
or pre-malignant lesions in topical cancer, in-
cluding cervical and dermatological cancer.
For cervical cancer, the goal is to replace
the colposcopic examination.
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evaluation of metastatic cancer, neurological disorders
and brain metabolism. Medical laboratories in Hawaii
are also developing drugs to complement PET capabili-
ties and minimize the devastating effects of strokes

increase utilization of the best
available approaches for early
detection and treatment of can-
cer, and (3) enhance the qual-
ity of life of cancer patients and survivors.

The multifaceted Center supports a broad range of research activities and
programs, including: an Analytical Laboratory for analyzing molecules from human
body fluids and tissues from cells, food plants and from other matrices in support of
clinical, epidemiologic and basic science studies; a Genomics Laboratory perform-
ing DNA/RNA isolation, custom genotyping, gene expression assays, library ma-
nipulation/construction, gene expression microarray fabrication and reading, and
fluorescence in situ hybridization to support genetic and molecular biological analysis;
a Cancer Etiology Program to identify factors, both exogenous and endogenous,
that increase or decrease the risk of cancer, and to elucidate the molecular mecha-
nisms that underlie the carcinogenic process; a Prevention and Control Program
conducting basic and applied research in the behavioral, social, clinical, and popu-
lation sciences; a Natural Products Program to foster collaborative research lead-
ing to the discovery and development of new drugs for the treatment of cancer, with
emphasis on the systematic evaluation of the unique biota of the Indo-Pacific re-
gion as a source of molecular diversity; and finally, the Hawaii Tumor Registry (HTR),
which maintains a database of information on all cases of cancer diagnosed in the
State of Hawaii and has proven invaluable in demonstrating ethnic variations in
cancer incidence and survival.

Straub Clinic and Hospital in Honolulu has introduced many “medical
firsts” to the islands, including minimally-invasive techniques for open heart sur-
gery and treatment of abdominal aortic aneurysms. Straub was also among the
first in Hawaii to use TPA — a clot dissolving drug that can greatly benefit many
stroke patients by lessening the potentially devastating impact of a stroke and has-
tening the patient’s recovery. In November of 2000, Straub opened a Urogynecology
Center for women, the first of its kind in Hawaii, which is specializing in treating
female incontinence, pelvic problems, recurrent urinary tract infections, and gyne-
cological care for perimenopausal and postmenopausal women. The Center also
specializes in treating abnormalities and pelvic organ prolapse.

Courtesy QMC



Kuakini Health System has installed the most advanced SONY PetaSite
Mass Data Storage System in Hawaii — part of $2 million donation from Sony Cor-
poration, Sony Corporation of America and Sony Hawaii Company. The PetaSite
provides mass data storage utilizing a cost-effective tape format that holds 200
gigabytes of data per cassette, with an overall capacity of 62 terabytes (one terabyte
is equal to 1 million megabytes). This technology will allow Kuakini to store data
(text and video) and diagnostic images that would normally fill the shelves of many
movable storage racks. Kuakini is using the PetaSite in conjunction with its PACS
(Picture Archiving and Communications System), and in doing so has become only
the fourth medical facility in the world to integrate a PetaSite with PACS for digital
images. Kuakini will also be the first in the world to use the PetaSite to store mul-
tiple diagnostic modalities and multiple data types, including digital imaging, video,
and textual data for patient care, telemedicine applications and research. In addi-
tion to basic radiological images, the PetaSite will store nuclear medicine scans,
ultrasound images, computerized echocardiography images, digital video imaging
of angiography and cardiac catheterization lab procedures, pathology tissue im-
ages, training videos, billing records, patient’s medical records and research data.
Because of the large quantity of storage space and long lifespan of the DTF-2
tapes, information can be held for up to 30 years without tape duplication.

The Laboratory of Intelligent and Parallel Systems (LIPS) at the Uni-
versity of Hawaii’s Department of Engineering is leading the charge in a variety of
advanced medical technology areas. Dr. David Yun, laboratory director, and his
team of research associates and assistants are pioneering a broad range of ad-
vanced medical technology applications, including:

+ A patent on a new 3-D imaging process which can render virtual-reality
“fly-throughs” of everything from capillaries to canyons.

+ A laser-based system to detect breast cancer tumors without the use of
harmful X-rays.

+ Atelemedicine network of satellites and supercomputers to bring advanced
cancer treatment planning to more remote regions of the planet.

+ Small wireless sensors to regularly monitor and analyze the blood sugar
levels of diabetics — a technology that could be used to help treat asthma,
hypertension, and other chronic health conditions.

One of LIPS’ most recent tele-health projects, Ohana Health, is pioneering
revolutionary changes in health information and service delivery over communica-
tion networks. Conducted as a Web-based collaboration among research, clinical,
and commercial partners, LIPS is providing the technology foundation and system
integration for empowering patient self-care through remote monitoring and screen-
ing. The process involves the patient taking vital measurements with devices at
home and transmitting the data regularly via the Internet to a central system, which
in turn coordinates multiple data sources for the individual and provides screening
analysis for the care-giving team (doctors, nurses, lab technicians, etc.). The sys-
tem intelligence functions (computer assisted monitoring and screening) deliver
analytical reports and response advice to assist both patients and physicians.

Enhanced healthcare effectiveness due to improved patient compliance
and physician responsiveness using this system has already been amply demon-
strated. With further technological extensions (e.g., using wireless communica-
tions and wearable “intelligent” devices), this system can support a “virtual clinic”
capable of providing patient observation and support anywhere at any time. Al-
though the fictional bionic man/woman may still be far fetched, achieving remote,
network-supported health monitoring and care for the active, mobile human is a
realistic and achievable goal in the near future.

Kuakini Health System’s new
SONY PetaSite mass Storage Date
System in Honolulu.

Pioneering research and development
at LIPS encompasses a broad spectrum
of ongoing activities in 3-D image pro-
cessing and object modeling. Labora-
tory researchers have developed a new
associative computing model, based on
holographic principles, that is facilitating
research into thousands of image data-
bases in logarithmic time. An effort is
underway to establish a content-based
image retrieval system that would sup-
port visuo-logical queries into massive
(64K x 32K) image archives based on
object similarities using the IBM Power3
technology at the Maui High Perfor-
mance Computing Center. The practi-
cal implications for medical profession-
als are manifold - from rapid location of
patient images among thousands of
patient files to detection and identifica-
tion of tumors in radiographic images.
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INFORMATION TECHNOLOGY

From High Performance Computing to Interactive Entertainment
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Ranked as one of the most powerful computational centers in the world, the
Maui High Performance Computing Center (MHPCC) is man-
aged by the University of New Mexico under a cooperative agreement with
the United States Air Force Research Laboratory. MHPCC’s IBM Power3
and Linux Supercluster system provide general scientific computing
resources for the Department of Defense High Performance Computing Mod-
ernization Program and Hawaii-based military organizations, including the
Maui Space Surveillance Site. MHPCC offers a robust parallel processing
environment for advanced image and signal processing, development and
testing of high performance computing programming tools and applications
software, and innovative educational and training programs. In addition to
the Department of Defense, MHPCC clients include more than 850 other
academic and commercial users from 42 states and the District of Columbia,
as well as from 17 foreign countries. MHPCC supports the Pacific Disaster
Center in Hawaii, providing disaster modeling, warning and response ser-
vices. MHPCC also supports the Pacific Missile Range Facility on Kauai in
advanced weather monitoring, advanced radar signal processing, electro-
magnetic force modeling, and wide-area network communication connec-
tions for command and control applications. Other applications include ad-
vanced 3-D image processing techniques that are particularly relevant to the
entertainment, biomedical and architectural communities.

SUPERCOMPUTING
CAPABILITIES

Hawaii’s advanced computing, com-
munications, and data management infrastruc-
ture and expertise have established the state
as a national leader in the development and ap-
plication of information technology. Innovation
centers and technology parks statewide are pro-
viding high-tech “incubator” services to support
the development and growth of new IT compa-
nies. And both university researchers and pri-
vate entrepreneurs alike are utilizing Hawaii’s
strategic information technology assets to inno-
vate creative solutions to a wide range of prob-
lems in information-intensive fields.

The Maui High Performance Comput-
ing Facility (MHPCC), housing the massively
parallel processing IBM Power3 and Linux Su-
percluster system, is facilitating cutting-edge ap-
plications in four major areas:

+ Image Processing and Signaling converts
raw data from electro-optical sensors,
seismic instruments, radars, and satellites
into meaningful information. Advances
in collecting, processing, and storing
spectral, radar, and seismic data are help-
ing astronomers explore the solar system,
military groups observe space objects,
petroleum engineers develop new oil
fields, and environmentalists track natu-
ral disasters.

+ Modeling and Simulation uses mathemati-
cal emulators and prototypes to facilitate
decision-making. MHPCC’s computation,
storage, and communications capabilities
can facilitate high-resolution terrain im-
ages for use in combat and for disaster
mitigation; digital animations for educa-
tion, training and entertainment; and 3-D
imagery for scientific and medical use.

+ Scientific Computing and Research in such fields as computational chemis-
try, fluid dynamics, and biology is supported by MHPCC’s IBM Power3 and
Linux Supercluster computing technologies and extensive programming tools,
libraries, and application software.

+ Education and Outreach is supported by MHPCC to promote the training of
tomorrow’s leaders in technology. MHPCC works closely with the Hawaii
State Department of Education and the Hawaii Association of Independent
Schools in supporting such activities as summer intern programs, Project
EAST, Women In Technology, Future Scientists & Engineers of America,
Internet for Education, Career Days, Hawaii Networked Learning Commu-

nications, Tech Ready, MentorNet, and the USS Bowfin Project.



Hawaii is an ideal location for the software devel-
opment industry, as recognized by a number of firms that
have made the state a major base of operations for their
company.

Square USA, Inc. is a subsidiary of Tokyo-based
Square Co., Ltd., which is the leading third party developer
and publisher of interactive entertainment software in Ja-
pan. Square Co., Ltd. became famous for its role-playing
interactive entertainment software, including its world-re-
nowned Final Fantasy TM (which has sold more than 31
million units to date), and now publishes other titles under
the SquareSoft brand spanning all genres.

Square USA’s Honolulu Studio is breaking new
ground with the production of the first computer-generated
animated feature film with HyperReal human characters,
bringing together the world’s top creative talents in the com-
puter graphics and feature film production industries. Pro-
duced at the Diamond Head Film Studio and at Square USA’s Honolulu Studio at
Harbor Court, the motion picture Final Fantasy: The Spirits Within is being released
in July 2001 and distributed worldwide by Columbia Pictures. “Square selected
Honolulu because of its centralized location in the Pacific. This has enabled us to
maximize the most creative and experienced talent from all over the world to ex-
plore their creativity to new realms,” said Jun Aida, President of SquareUSA. “We
have been encouraged by the reception we’ve received here.”

The Department of Information and Computer Sciences at the University
of Hawaii hosts a Collaborative Software Development Laboratory (CSDL),
whose mission is to provide a physical, organizational, technological, and intellec-
tual environment conducive to collaborative development of world-class software
engineering skills. Current research projects include the use of an e-commerce
simulation environment to support development of entrepreneurial skills; the de-
sign, implementation, and evaluation of tools and methods for empirically-based,
individualized software developer improvement; the design and use of a hierarchi-
cal size counting mechanism for software estimation and planning; and the design
and implementation of a client-server-agent system for implementing domain-spe-
cific, collaborative, hypertext systems, among other areas.

Additional examples of private sector software developers include:

+ The Hawaii Multimedia Corporation — a Microsoft Certified Solution Pro-
vider offering services and products supporting website development and
hosting, software and applications development, multimedia presentations
and software, graphic design, and custom programming and maintenance.

+ SixD —aninnovative firm creating “next-generation” software products for
web development and media design to support corporate presentations,
broadcast video, the Internet, interactive CD-ROM & DVD, and kiosk projects
for a broad range of businesses.

+ Computer-Aided Technologies International, Inc. (CATI) — an Oahu-based
company specializing in requirements analysis, CADD systems, integration
and disaster planning, graphics, and specialized training in AutoCAD, 3-D
Studio MAX, and other high-end multimedia software packages.

+ WorldPoint Inc. — a pioneer of Web-based globalization business solutions
combining multilingual content management systems, Internet translation
solutions, and a network of 10,000 professional language translators to en-
able users to communicate worldwide in any language.
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The State of Hawaii has inaugurated an
Internet Portal to provide enhanced
electronic access to government infor-
mation and services, eliminating the
challenges of “normal business hours”
and “standing in line” With the creation
of eHawaiiGov, the State is taking an
orchestrated, forward-thinking and co-
ordinated approach to maximizing both
the capabilities of the Internet and the
collective resources of Hawaii.

e-COMMERCE &
SYSTEMS NETWORKING
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Digital Island Inc., the leading Global e-Busi-
ness Delivery Network, provides integrated hosting,
content delivery and network and application services
to improve the performance of the Internet. Founding
its business in Hawaii, Digital Island now manages data
centers in Honolulu, Silicon Valley, Los Angeles, New
York, Boston, London, Hong Kong, Frankfurt, and To-
kyo. Its world-class Global e-Business Delivery Net-
work combines the most advanced computing and net-
working technology with a private fiber-optic network
for optimum reach and reliability, linking customers di-
rectly into 33 countries with more than 2200 Connected
Enterprise Servers. By building and maintaining its own
infrastructure backed by industry-leading Service Level
Agreements (SLAs), Digital Island guarantees its Glo-
bal e-Business Delivery Network is secure, reliable, and
scalable to any customer’s needs.

The Pacific Information Exchange, Inc. (PixiNet), known as “Hawaii’s
Internet ‘Ohana,” consists of three sites — aloha.com, pixi.com and hula.net. The
company is one of Hawaii’s oldest ISPs, providing extensive Internet services for
businesses, individuals, seniors, students and the military since August 1994. It
was preeminent in facilitating Internet services for the state’s business community,
and the first Hawaii-based ISP to provide T-1 ban width for access to the Internet.
PixiNet was also selected by Honolulu’s Bishop Museum and the Polynesian Voy-
aging Society as the Internet Service Provider for satellite Internet communication
for a 7-month canoe voyage to and from Rapa Nui. PixiNet joined NASA, Outrigger
Hotels and Resorts, and ‘Olelo Community Television, in providing funding, ser-
vices and technical support for telecommunications with Hokule‘a and her escort
boat Kamahele.

Located in Honolulu, Hawaii, the Adtech Division of Spirent Communi-
cations, Inc. is a leader both in the global telecommunications industry and Hawaii’s
growing high-tech community. Founded in 1967 by three University of Hawaii elec-
trical engineering professors, Adtech designs, manufactures, and markets state-of-
the-art telecommunications test systems. The company’s flagship product, the AX/
4000 Broadband Test System, is a modular, multi-port system that generates broad-
band test traffic, analyzes full-rate traffic in real time, and simulates network-in-
duced delays and quality of service
impairments. Adtech AX/4000
Broadband Test Systems are play-
ing a key role in the development and
deployment of the Internet and
broadband telecommunications
technologies. The Adtech Division
also designs and markets network
simulation and emulation products,
such as the SX Series Data Link
Simulators, which create the same
delay and error characteristics found
in land-based and satellite data links
and are used to stress test networks,
network equipment, and applica-
tions. Adtech is one of Hawaii’s larg-
est and fastest growing high-tech
employers, and in 2000 was honored
by Governor Ben Cayetano as
Hawaii’'s Exporter of the Year.

Adtech AX/4000 Broadband Test Systems are
used by the world’s leading telecommunications
companies to test very high speed networking
equipment and large scale networks, including the
Internet. The award-winning systems feature a
modular architecture that supports many different
networking technologies and provides testing at
speeds up to 10 billion bits per second.

Courtesy Spirent Communications, Adtech Division



The Laboratory of Intelligent and Parallel Systems (LIPS) at the Uni-
versity of Hawaii provides a broad scope of advanced research and development
expertise in the engineering of software, systems and applications using parallel
computing and distributed networking. LIPS has developed a powerful technique
for planning, scheduling and optimization, known as Constrained Resource Plan-
ning (CRP). CRP is both a general methodology for guiding any heuristic problem-
solving process and a stand-alone executable engine for resource management

under tight constraints, and has been applied to solve
more than 40 exponential running time problems with re-
markable solution quality and efficiency. Well-known dif-
ficult problems successfully solved by CRP include Trav-
eling Salesman, Job-shop Scheduling, 3-D Packing, 3-D
Model Recognition, Multiprocessor Scheduling, and Sub-
graph Isomorphism. These problems illustrate CRP’s
capacity in handling any of the six broad application pat-
terns: Production Optimization; Space Utilization; Occu-
pancy Planning; Inventory Distribution; Facility Reserva-
tion; and Work-Shift Scheduling. Recent applications and
extensions of the CRP technique has lead to advances
in (a) automatic/algorithmic discovery of workflow mod-
els from collections of valid execution logs; (b) robotic
navigational path planning and obstacle avoidance; (c)
static network (re)configuration and dynamic traffic
(re)routing; (d) dynamic multi-processor scheduler with
simultaneous optimization of processor utilization and job
completion time; and (e) 3-D protein structure matching
by solving the Maximal Clique, Minimal Coloring and Maxi-
mum Common Subgraph problems.

Pioneering research and technology develop-
ment at LIPS encompass a broad spectrum of ongoing
activities in 3-D image processing and object modeling.
The algorithms and software developed at LIPS provide
an innovative (patent pending) solution to the surface
mesh generation problem that achieves guaranteed qual-
ity of fit while increasing computational speed and mini-
mizing storage/transmission requirements. The 3-D tri-
angulation process using LIPS’s own constrained re-
source planning (CRP) technology to obtain a near opti-
mal polygonal surface approximation of 3-D objects in

near linear time provides the underlying core technology. Several categories of
noteworthy (derived or related) technologies reveal the breadth and vitality of this

R&D agenda.

LIPS is equipped with state-of-the-art 3-D graphical visualization and ren-
dering hardware and software. It supports ongoing research in various image com-
pression techniques, and has obtained NASA funding to develop sharable parallel
image compression algorithms based on neural networks and adaptive vector quan-
tization. LIPS software system is capable of extracting 3-D information from 2-D
images or drawings and rebuild a 3-D object model by Image Registration.

LIPS also specializes in Content-based Image Retrieval — a new associa-
tive computing model, based on optical holographic principles, which enables in-
herently parallel search into massive image databases in logarithmic time. This
capability has expanded the horizon of content-based image search, enabling new
possibilities for practical applications of content-based retrieval to target recogni-
tion in radar images and tumor detection in medical images, as well as to facilitate

collaborative data mining from surveillance images.

PLANNING &
SCHEDULING

Professor David Y.Y. Yun, Director of the Laboratory of Intelligent
and Parallel Systems (LIPS), views a data base for graphic visual-
ization and rendering. The unifying theme of LIPS — that of a distrib-
uted but collaborating “virtual laboratory” — is emerging in the form
of technology integration and delivery of application services based
on remote access of mobile/distributed data and computing resources
through the Internet (or other high speed networking), with 2-D graph-
ics or 3-D visualization for end users anywhere at any time.

3-D VISUALIZATION &
GEOMETRIC MODELING
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The Digital Media Center, part of the Distance Edu-

Founded by three university professors in 1973, ORINCON is a private
research and development company focusing on applied information technology
and dedicated to solving complex, real-world problems through the introduction of
advanced technologies such as data fusion, signal processing, image understand-
ing, artificial intelligence, probabilistic reasoning, neural networks, and cognitive
theory. With locations in Virginia, California and Hawaii, ORINCON supports a
wide range of application domains, including information security, vehicle/object
tracking, antisubmarine warfare, machinery diagnostics and prognostics, planning,
health sciences, and transportation. The business strategy is to develop advanced
concepts for research labs and incorporate them into real systems for
the Department of Defense, where value added technology can be
clearly demonstrated, and to transfer technology to products to be
used by other government organizations and commercial customers.

Solipsys Corporation — a small, high technology business
specializing in products for defense application — has created prod-
ucts that reflect a unique combination of the best commercial prac-
tices and an in-depth understanding of the challenges facing the mili-
tary services. Its primary corporate focus is the development of prod-
ucts designed to address the multifaceted problem of Joint and Coa-
lition Forces information networking. Solipsys’ expertise lies in sen-
sor automation, information synthesis, networking and communica-
tions, and visualization. Many of the company’s information synthe-
sis and visualization products are being used to meet the demands of
test range operations. With an office at the West Kauai Technology &

cation and Instructional Technology group within Infor- Visitor Center, Solipsys services the Pacific Missile Range Facility,
mation Technology Services at the University of Hawaii, which employs Solipsys products to automate planning and execu-
was established in October 1996 to provide faculty and tion of range test events.

staff training and support in the use of various digital/

multimedia equipment and software. It assists in areas
such as multimedia presentations, interactive CD-ROMs,
instructional and departmental web site development,

Another company servicing PMRF out of the West Kauai Tech-
nology Center is Digital System Resources — a recognized leader in

computer-based instruction, video/audio digitizing and the development and production of defense systems involving pas-

editing, and graphics support.

EDUCATION AND
TRAINING

sive and active sonar, electronic warfare, combat control, and com-

puter based training and simulation for these systems. In the com-
mercial sector, the company’s e-Commerce System Group is focusing on the
Internet-based business to business (B2B) sector. The company’s goal is to apply
its proven technical expertise in developing high quality complex systems to the
fast paced and rapidly changing world of eCommerce. Services include a compre-
hensive range of Internet, Extranet, and Web site solutions.

Honolulu Community College (HCC) has partnered with Cisco Systems,
Inc., the worldwide leader in networking for the Internet, to serve as a Cisco Acad-
emy Training Center, providing Cisco-approved instruction leading to both the Cisco
Certified Network Associate (CCNA) and Cisco Certified Network Professional
(CCNP) designations. Courses include the basic theoretical foundation in
“internetworking” required to implement networking solutions in the real-world. How-
ever, a majority of the time in class is spent participating in labs designed to help
students learn how to use the networking equipment and tools. These courses
tend to be quite popular because of this “hands-on” emphasis.

The Computing, Electronics and Networking Technology (CENT) at
HCC is a two-year program of study that prepares students for employment in the
electronics and computing industries. Through a choice of electives in the third and
fourth semester of study, students can choose to concentrate on a particular area
of interest. Such areas could include telecommunications, product servicing, com-
puters and networking, and biomedical applications. Where possible, students are
encouraged to participate in an internship cooperative education experience in the
fourth semester of study.



A high-tech economy demands a highly skilled workforce. Businesses must
be able to hire and keep skilled and knowledgeable workers and utilize advanced
technologies to better serve their customers. Local governments must keep and
attract new businesses to grow economically. To meet this workforce need, a con-
sortium of the University of Hawaii Community Colleges has taken the lead to in-
crease access to training by developing the Pacific Center for Advanced Tech-
nology Training (PCATT). Though headquartered at Honolulu Community Col-
lege, PCATT is composed of all the University of Hawaii Community Colleges and
offers services and training statewide.

More than a collection of physical facilities, PCATT is a commitment of the
University of Hawaii Community Colleges to reach, enhance, and add value to busi-
nesses through the development of a skilled and knowledgeable workforce in Ha-
waii. Its mission is to develop and provide training in advanced technology applica-
tions that enhance economic and workforce development programs and initiatives
in the State of Hawaii and the Pacific Rim. It builds upon training programs already
in place at campuses throughout the system to offer a coordinated, one-stop ap-
proach to the design and delivery of customized training in advanced technologies.

In addition to regularly scheduled courses at community colleges, PCATT
offers customized training packages to meet specific training requirements of busi-
ness and industry. These packages can be tailored with regard to content and
schedule and in many instances can be offered on-site, depending on equipment
requirements. Current Technology Training include Computer Aided Design, Com-
puterized Apparel Applications, Database Management, E-Business, Electrical Con-
trol, Graphics and Digital Media, Networking (including MCSE and Cisco), Pro-
gramming, Solaris System Administration, Telecommunications, and Web and
Internet modules.

Distance learning provides students with access to education through a
network of UH education centers and various technologies. In addition to the seven
Community Colleges and the Employment Training Center, there are distance learn-
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Distance Learning at the University
of Hawaii provides opportunities for qual-
ity higher education to students anywhere
in the state who are unable to attend the
UH campus offering their program of
choice. Distance learning includes tele-
communications-assisted learning and
off-site learning, and may take place in-
state or out-of-state.

DISTANCE
LEARNING

ing education centers located on Molokai;
Lanai; Hana, Maui; Waianae, Oahu; and in
West Hawaii. Courses are also offered on se-
lect military bases and in correctional facili-
ties.

The University of Hawaii has achieved
a breakthrough in its distance learning cur-
riculum by establishing an MBA program
where students in remote classrooms on each
of the Neighbor Islands can work toward
graduate degrees without having to travel to
the main campus on Oahu. Two-way televi-
sion systems are set up where instructors and
students can interact in a classroom-like at-
mosphere. The established facilities include
a web site with chat rooms and allows for com-
munication with lecturers via e-mail. Instruc-
tion is provided by the College of Business
Administration, one of the nation’s top inter-
nationally oriented business schools. Poten-
tial exists for distance instruction in areas of
entrepreneurship, management, and e-com-
merce, with particular reference to Asia-Pa-
cific nations which have indicated preference
for such remote learning programs.

An assortment of distance learning resources and technologies are provided for stu-
dents who are committed to higher education but are unable to attend a UH campus
offering their program of choice. Courses are delivered in a variety of ways, including:

L

Cable Access Television provides UH a tool to distribute pre-produced or live cable
programming directly to homes, and on Oahu is facilitated by ‘Olelo — the island’s
community access provider.

The Hawaii Interactive Television System (HITS) is an interactive inter-
island closed-circuit television network providing full-motion (not compressed) analog
video services, with 4 outgoing channels from UH Manoa to all sites.

The Oceanic Cable Digital Video Institutional Network (I-NET) is a 16-
channel high-speed digitized video and audio transport between UH campuses on
the island of Oahu for instructional use.

The advent of the World Wide Web and the development of course management
tools have made the Internet a viable distance learning tool.

IP-Based Video (H.323 standard) provides 2-way videoconferencing capabilities
over |IP data networks for guest lectures and periodic connections with classes through-
out the world for student collaborations.

Compressed digital video over ISDN (Integrated Services Digital Network)
phone lines provides two-way dial-up video conferencing.

UH can receive satellite programs via downlink facilities of the UH Manoa Lan-
guage Telecommunications Resource and Learning Center (LTRLC)
or at Hawaii Public Television. The LTRLC also operates a satellite uplink facil-
ity which can be used to broadcast live video programs from Hawaii to the Mainland
and Asia/Pacific regions.

SkyBridge is Maui Community College's microwave system which serves the three
islands of Maui county, providing one channel of 2-way video among Maui CC and its
education centers on Molokai, Lanai and in Hana, Maui.
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OCEAN SCIENCE & TECHNOLOGY

From Deep Water Marine Research to Coastal Resources Management

Courtesy SOEST/UH

This image illustrates the land topography
and seafloor bathymetry compiled on a 9-
second resolution grid, using Wessel and
Smith’s GMT-System at the School of
Ocean and Earth Science & Technology
(SOEST), University of Hawaii.

UNIVERSITY-BASED
R&D

Courtesy SOEST/UH

The submersible Pisces V being
recovered by the R/V Ka'imikai-o-Kanaloa.
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H awaii’s strategic mid-Pacific location,
diverse geologic and marine resources, state-
of-the-art technology infrastructure, and profes-
sional expertise in marine science and technol-
ogy make the islands an unparalleled natural
laboratory for ocean research and development.

¢ Theislands’ volcanic origin and lack of con-
tinental shelf facilitate ready access to
pathogen-free, nutrient-rich deep water and
an impressive variety of coral reefs, estuar-
ies, ancient seamounts, manganese crust
deposits, and a tectonically active subma-
rine ridge.

+ Nearly 30 commercial and small boat har-
bors, including the University of Hawaii’s
Marine Center at Snug Harbor, form an in-
tricate network for surface support of sea-
going operations in and around the islands.

+ Lying within the second-largest U.S. Exclusive Economic Zone, Hawaii affords
clear legal access to vast living and mineral resources, as well as a time zone
that enables communications with both eastern and western hemispheres within
the same business day.

Ocean science and technology centers statewide have a strong university
presence at their foundation. The University of Hawaii at Manoa’s School of Ocean
and Earth Science and Technology (SOEST) and its affiliated research institutes
support a broad range of marine and ocean-related R&D programs, federal funding
for which contributes millions of dollars to Hawaii’s economy annually. From stud-
ies of small-scale waves to ocean circulation models to primary productivity and
mineralization processes, SOEST programs and projects consistently rank among
the top five in the nation for National Science Foundation
peer-reviewed funding. SOEST also excels nationally in re-
search related to coral reef ecology, tropical aquaculture,
and renewable energy. In January 2002, the University of
Hawaii will add a new $45 million SWATH research vessel
to the University’s research fleet (see also Defense & Dual
Use Technology). These stellar achievements have attracted
some of the nation’s best and brightest scientists and stu-
dents to study and live in Hawaii.

Examples of SOEST institutes and programs include:

¢ The Hawaii Undersea Research Laboratory (HURL) at
the University of Hawaii makes state-of-the-art deep wa-
ter marine research facilities available to academic and
research institutions through an annual request for pro-
posals. Research facilities include the Pisces IV and V
submersibles, with a depth capability of 2,000 meters;
the RCV-150 remotely operated vehicle; and the research vessel (R/V) Ka‘imikai-o-
Kanaloa mother-ship with its Sea-Beam 210 bathymetric mapping system. These
assets provide scientists with a full complement of the latest marine research tech-
nologies and allow them to range throughout the South Pacific.



+ The Hawaii Institute of Marine Biology (HIMB),
located on a coral reef preserve in Kaneohe Bay,
supports research in coral physiology and reef
ecology, the behavior and population dynamics
of fish, marine endocrinology, aquaculture, and
marine mammals.

+ The Sea Grant College Program supports re-
search, education, and extension services for
improved understanding, management, and use
of coastal and marine resources.

¢ The Hawaii Mapping Research Group
(HMRG), an organization of scientists and engi-
neers, builds and operate 5 seafloor mapping systems. HMRG’s MR1 side-
scan sonar helped locate the USS Yorktown.

The images to the right illustrate an example of pioneering research being
done in Hawaii to help understand and protect marine ecosystems. HIMB’s Coral
Reef Color Laboratory (CRCL) is developing the use of airborne and satellite-
based digital remote sensing to study coral reef environments. Algorithms are
being developed for image calibration, geomorphology mapping and biological
mapping, with the goal of developing a system for analysis of benthic pigment com-
position and concentration using remote sensing imagery. Dr. Eric Hochberg, CRCL
scientist, is supporting this effort by developing algorithms for
correcting remote sensing imagery for water column radiative
transfer effects and for classifying images into ecological groups.
This mosaic was constructed for the State of Hawaii’'s Depart-
ment of Business, Economic Development & Tourism. The top
image shows central Kaneohe Bay in RGB (600, 539, 478 nm).
The bottom image shows the RGB superposed by a classified
image. Colors in the image represent coral (red), coralline al-
gae (pink), macroalgae (green), terrigenous mud (brown), sand
and rubble (yellow), and turf algae (dull blue-green).

The International Pacific Research Center (IPRC) was established un-
der SOEST in October, 1997, under the “U.S.-Japan Common Agenda for Coop-
eration in Global Perspective” as a collaborative global-change research effort be-
tween Japan and the United States. Its purpose is to provide an international re-
search environment dedicated to improving understanding of the nature and pre-
dictability of climate variability in the Asia-Pacific sector, including the influences of
global environmental change within the Asia-Pacific region. Its goals are to:

¢ understand climate variations in the Pacific and Indian Oceans on
interannual-to-interdecadal time scales;

+ determine the influences on Asia-Pacific climate of western-boundary cur-
rents, the Kuroshio/Oyashio Extension system, marginal seas, and the In-
donesian Throughflow;

+ understand the processes responsible for climatic variability and predict-
ability of the Asia-Australian Monsoon System and its hydrological cycle at
intraseasonal through interdecadal time scales; and

+ identify the relationship between global environmental change and Asia-
Pacific climate.

IPRC’s overall research strategy emphasizes diagnostic studies, modeling, and data
assimilation. Collectively, the above goals will contribute to international efforts
under the World Climate Research Programme and the International Geosphere-
Biosphere Programme.

The Hawaii Institute of Marine
Biology

The origins of light reaching a
remote sensor pointed at a coral
reef. After Kirk (1994). |
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This diagram illustrates the five origins
for light that reaches a remote sensor
pointed at a coral reef.
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OCEAN
INDUSTRIES
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Loihi is an active submarine volcano
that may become the next Hawaiian Is-
land. The most hydrothermally active
area of the volcano is presently located
along the southern rim and rift. Dives
on the hydrothermally less active north-
ern rim showed relatively stable terrain
as compared to that observed earlier,
and high lava columns were still stand-
ing upright. A new SeaBeam bathymet-
ric map of Loihi (above) was generated
aboard Ka'imikai-o-Kanaloa and verified
during Pisces V dives (see previous
pages), precisely documenting the mor-
phological changes at the summit.

The National Defense Center of Excellence for Research in Ocean Sci-
ences (CEROS), located at the Natural Energy Laboratory of Hawaii (NELH) at
Keahole Point on the island of Hawaii, is a federally funded program that seeks to
advance innovative concepts and new approaches to technology while fully lever-
aging existing facilities and infrastructure in Hawaii and demonstrating beneficial
commercial utility for the Department of Defense. Since 1993, the CEROS Re-
search Programs have funded a total of 116 projects at a value of over $46.12
million (see also Renewable Energy). The Ocean Resources Program of the Ha-
waii Natural Energy Institute, also located at NELH, operates a Center for Ocean
Resources Technology to conduct interdisciplinary research on open-ocean mari-
culture, as well as a Marine Mineral Technology Center to meet ocean mineral and
mining research needs.

The Natural Energy Laboratory of Hawaii Authority (NELHA), which man-
ages NELH, is currently partnering with the National Defense Center of Excellence
for Research in Ocean Sciences (CEROS), University of Hawaii (Manoa and Hilo),
Hawaii Natural Energy Institute, Marine Bioproducts Engineering Center (MarBEC),
Kohala Research Center, University of California - Santa Barbara, and New Mexico
Tech to establish the NELHA Gateway — a world-class research, education, and
outreach center to be located at the entrance to NELH. Gateway research will
focus on emerging technologies in energy, climate, and defense related challenges
and innovations. In particular, this facility will become the premier focal point for
distributed generation technology, fuel cells, and hydrogen in the United States,
giving industry not only access to world class researchers, but also to facilities
where testing and deployment in real world conditions can occur. The center will
integrate efforts to deploy distributed generation and clean energy technologies for
several federal agencies, DOE laboratories, universities, and the private sector. In
addition, Gateway will showcase the natural environment and unique resources
available at Keahole Point to the public through educational programs and exhibits.

Over the past two decades, Hawaii’s ocean science and technology indus-
try has grown from $20 million in annual revenues to $100 million. Commercializa-
tion of Hawaii’'s ocean-oriented research and development programs has been a
major milestone in this growth. Local companies are making scientific instruments
and software packages for global markets. Such products and services include
high-resolution ocean floor maps, hyperspectral imaging services for coral reef map-
ping, software for modeling tensions on undersea cables, instruments to perform
sub-bottom mapping, ocean rescue devices, and fish poison test kits. Some ex-
amples of companies offering these products and services include:

+ Oceanit, a Hawaii-based engineering and research company focusing on
biotechnology, information technology, environmental and industrial tech-
nology, has developed the innovative Flexible Pipe Diffuser that conducts
sediments contained in dewatering effluent from harbor construction to the
harbor bottom, thereby minimizing plumes in coastal waters.

¢ Structural Solutions has developed CableCAD, a comprehensive cable
design tool for laying out cable geometry and a powerful analysis program
which reduced design time and lowers design costs.

+ Science & Technology International (STI) acquires and processes spec-
tral information about objects to facilitate underwater coral discrimination to
assess reef health, as well as to monitor pollution caused by oil slicks and
ground runoff.

+ Makai Ocean Engineering, Inc. provides ocean engineering services world
wide and supplies submarine cable installation and planning software, de-
signs and places deep water pipelines, and provides research and design
services for a wide array of ocean and coastal applications.



+ Sea Engineering, Inc. and Precision Signal of Boca Raton, Florida are
developing a forward/aft - port/starboard sweeping, high resolution buried
object imaging sonar for locating and imaging small objects buried beneath
the seafloor.

+ Oceanic Imaging Consultants, Inc. has produced the OICToolkit — a pow-
erful and comprehensive UNIX-based package for processing sidescan and
bathymetry data, which can import data from all major sonar systems, pro-
cess navigation and attitude, correct beam patterns, enhance imagery, mo-
saic the data, and export final images to other GIS and mapping packages.

+ ORINCON Hawaii, Inc. provides signal and information processing to sup-
port algorithms for application to shallow and deep water, passive and ac-
tive sonar and mine countermeasure systems.

+ TerraSystems, Inc. specializes in airborne and satellite spectral imagery
which offers the ability to identify and discriminate among many types of
materials including various types of vegetation, coral, sand and algae; and
submarine sand deposits.

+ SEE/RESCUE Corporation has created the patented and military-approved
SEE/RESCUE streamer technology for locating persons lost at sea or on
land. It is the only “passive” and “continuous” distress signaling device.

Coastal Resources Management is a growing segment of Hawaii’'s Ocean
Science and Technology Industry. Presently the smallest component of the indus-
try, this area focuses on the huge worldwide market for providing consulting, plan-
ning, engineering, architectural, legal, and policy expertise and services for coastal
cleanups and resort, harbor and infrastructure development. Multilateral organiza-
tions such as the US Agency for International Development (USAID), the World
Bank, and the Asian Development Bank are funding numerous projects in Asia,
which is a logical market for a host of Hawaii-based service providers.

Hawaii is also home to a prestigious assembly of ocean- and marine-re-
lated associations and organizations that sponsor diverse seminars, workshops,
conferences, and outreach programs addressing the needs of nations throughout
the Asia-Pacific region. The Pacific Science Association and PACON Interna-
tional, which organizes the biennial Pacific Congress on Marine Science and Tech-
nology, have their headquarters in Honolulu. Non-profit organizations such as the
Oceanic Institute, renowned for its pioneering work in aquaculture and oceanog-
raphy, and the Pacific International Center for High Technology Research
(PICHTR), provide expertise supporting ocean R&D projects worldwide.

The future for Hawaii’'s ocean industries looks bright. Hawaii ranks high
nationally in the receipt of federal ocean R&D dollars. The state’s ocean science
and technology strengths are also attracting increasing investments from both pri-
vate and government sectors in such diverse areas as Japan, Korea, Singapore,
Venezuela, American Samoa, Australia, Canada, England, and Taiwan. Hawaii’s
economy currently gets an average of $2 to $3 million annually from Chinese, Japa-
nese, and Korean groups prospecting for marine minerals on the sea bottom south
and east of Hawaii. The need for coastal states to explore the resources within their
200-mile Exclusive Economic Zones will also provide Hawaii’'s ocean science and
technology industries with new markets for their products and services. In March
2001, Hawaii granted its first open ocean commercial lease for large-scale cage
culture —a commercial venture that arose from a cooperative pilot program carried
out by the private sector, University of Hawaii and state government. Finally, re-
mote sensing and sophisticated ocean mapping technologies will play a large part
in determining the direction of Hawaii’s ocean science and technology future by
making it possible to assess resources and environmental impacts over large areas
in a reasonable time frame and at affordable cost.

This image of the area around Hanauma
Bay on the island of Oahu was developed
at the Pacific Mapping Program
(PMP), located within SOEST. PMP was
established to facilitate the exploration and
development of the Pacific Islands Exclu-
sive Economic Zone (EEZ). This unique
program conducts research, performs ser-
vices, and offers graduate education in
ocean mapping. Research highlights in-
clude integration of various types of avail-
able mapping data in the EEZ of the Pa-
cific Islands Region (Hawaii, Guam, Ameri-
can Samoa, and Northern Marianas), and
the investigation of new data integration
methods and data analysis techniques.
PMP is also developing a Marine Geo-
graphic Information System, a correlation
study between free-air gravity anomaly and
bathymetry, and research into navigational
problems using GPS.

PROFESSIONAL
ORGANIZATIONS

Hawaii is hosting an increasing number
of conferences and exhibitions related

to ocean science and technology. For
example, in just a two-week period in
2001, Hawaii was selected as the site
for the annual conference and exhibi-
tion of the Marine Technology Society
and the Oceanic Engineering Society/
IEEE, the Underwater Defense Technol-
ogy-Hawaii Conference; and the annual
meetings of the U.S.-Japan Natural Re-
sources Marine Facilities Panel and the
Underwater Mining Institute.
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RENEWABLE ENERGY

Harvesting Resources from Sun, Wind, Earth & Ocean

Courtesy HNEI/UH
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A geologically young and isolated is-
land chain, Hawaii has emerged as a world leader
in the demonstration and use of renewable en-
ergy as an alternative to imported oil. Export po-
tential is being developed in wind and solar tech-
nologies (both thermal and photovoltaic) and hy-
brid systems for island applications. Additional
prospects reside in the development of biomass
gasification and direct combustion, geothermal
energy, alternative transportation fuels, wave en-
ergy systems, and ocean thermal energy con-
version (OTEC) technologies.

State-Supported R&D

The Hawaii Natural Energy Institute
(HNEI) was established by the Hawaii State Leg-
islature in 1974, in the aftermath of the world’s
first oil crisis. Recognizing the promise of indig-
enous resources, the Legislature established
HNEI as a research unit of the University of Ha-
waii with a mandate to undertake and coordinate
research and development of the Hawaiian Is-
lands’ renewable energy resources that would
reduce the state’s dependence on fossil fuels.

Some of Hawaii’'s most creative and novel developments in the field of biomass _|n its ?ar_lyyears, HNEI S_erved as a catalyst for
energy technologies have come from the Renewable Resources Re- interdisciplinary cooperation among faculty from
search Laboratory of HNEI at the University of Hawaii. The lab has been the University of Hawaii; federal, state, and locall

particularly adept at developing sustainable technologies that are suitable for
commercialization. Innovative processes currently in use or under develop-

governments; private industry; public utilities; for-

ment include fractionating biomass using hot, compressed water, and gasifica- eign governments; community groups; and other

tion of high-moisture-content biomass.

ALTERNATIVE
ENERGY SOURCES

research units throughout the world. In doing

so, HNEI has become an acknowledged inter-

national leader in the energy field. In 1988, HNEI
moved into the University of Hawaii’'s School of Ocean and Earth Science and
Technology (SOEST) and has broadened its expertise to encompass a variety of
ocean- and energy-related technologies.

Today, the Institute’s responsibilities include conducting and supporting
basic research, managing research facilities and laboratories, demonstrating the
applications of its work, and investigating the social, environmental, and financial
impact of energy- and marine-related activities. HNEI’'s current programs em-
brace research and development projects related to biomass-derived products
and fuels, renewable hydrogen production, transportation, electrochemical power
sources (e.g. batteries and fuel cells) and ocean resources for energy, food, and
minerals. Each of these research areas/programs is supported by state-of-the-
art laboratories and highly experienced faculty.

HNEI's Biomass Program has been far-ranging, from early work on
sugar cane as an energy crop, to energy tree farming, to development of ad-
vanced gasification technology for conversion of biomass to gaseous fuel. Some
of Hawaii’'s most innovative and novel development in the field of biomass con-
version have come from HNEI's Renewable Resources Research Laboratory
(RRRL). RRRL researchers have developed a new catalytic process, which



causes biomass to react with water at high
temperatures and pressures (supercritical
conditions) to produce a hydrogen-rich gas
stream. This unique process allows wet bio-
mass to be utilized and produces no tars or
char. A patented process for charcoal pro-
duction awaits commercialization.

HNE/’s highly successful Hydrogen
Program, resulting in HNEI being named a
US Department of Energy University Center
of Excellence for Hydrogen Research and
Education, has explored novel approaches for
high efficiency, safe hydrogen storage; direct
solar hydrogen using photoelectrochemical
and photobiological techniques; and various
processes for the gasification of biomass. The
Thin Films Laboratory, used to develop thin-
film photovoltaic-like devices for hydrogen
production, is also actively involved in devel-
opment of novel sensors and semiconductor
films for optical imaging applications.

During the coming year, and in col-
laboration with the Naval Research Labora-
tory, HNEI is expecting to initiate a significant
program to advance fuel cell technology with

a supporting effort to characterize and develop marine-based methane hydrates
(ice-encrusted concentrations of methane found on the deep ocean floor) as a fu-
ture fuel source. Central to this effort, the Hawaii Energy and Environmental Tech-
nology Initiative will develop a state-of-the-art test center for the characterization of

fuel cells and fuel processing technologies.

Biodiesel

Pacific Biodiesel, a Maui-based company, makes an additive for diesel
fuel which reduces particulate and smoke emissions from diesel engines. The fuel,

called “biodiesel,” can be blended with regu-
lar diesel in any proportion (or used by it-
self) to power bus, truck, engine-generator,
and marine diesel engines to improve emis-
sions, cetane ratings, and fuel lubricity. The
vehicle exhaust from biodiesel-fueled en-
gines is cleaner, safer, and smells better.
Even more environmentally impressive is the
fact that this biodiesel fuel is made from used
vegetable oil, such as that recovered from
frying operations in restaurants. The com-
pany has built a similar facility in Nagano,
Japan. Pacific Biodiesel has partnered with
Honolulu Disposal to construct new a biofuel
plant in Honolulu. A large-scale biodiesel
plant is also planned for the future.

Richard E. Rocheleau, Director of HNEI, examines equipment in the Institute’s “Thin-
Films Laboratory” — a unique facility boasting sophisticated state-of-the-art equip-
ment for fabrication and testing of thin-film materials (<1pm thick) and devices. The lab
has developed novel semiconductor, dielectric and catalyst films for a diverse range of
applications, including photovoltaics, solar hydrogen-production, and optical sensors.

Biodiesel-fueled vehicles
are used by organizations
such as the Pacific Whale
Foundation (PWF) for
sea-based operations.
Based in Hawaii, the Foun-
dation is recognized world-
wide for long-term marine
research and conservation
studies conducted through-
out the Pacific, which col-
lectively help monitor
changes in the global sta-
tus of threatened or endan-
gered species.

The Foundation’s award-winning marine education programs have enabled more than
700,000 people to learn about the ocean and the need to protect our planet's seas. Its
research findings also help to educate policy makers worldwide on an international, na-
tional, state and local level, in favor of laws and policies that protect the marine environ-
ment. Pictured above is one of the Foundation’s biodiesel-fueled research and education
vessels - the Ocean Spirit.
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Biogasification

Biomass research conducted by federal, state and private industry scien-
tists has demonstrated the technical feasibility of producing a fuel gas, biogas, from
sugar cane bagasse for both power generation and, with further conversion, for
transportation fuel in the islands. This research has shown that biogas can fuel an
advanced turbine system to produce electricity with a possible 50 percent increase

Courtesy H-Power

H-POWER (Honolulu Program of Waste Energy Recovery) - H-POWER be-
gan operation in 1990 and today converts more than 2,000 tons of waste per day
into electricity to power more than 60,000 homes. H-POWER is the cornerstone
of Honolulu's integrated waste management system. H-POWER produces 7%
of Oahu’s electricity and reduces the volume of refuse going to landfill by 90%.
On Oahu, waste-to-energy works in partnership with recycling efforts to signifi-
cantly reduce the amount of waste going to landfills. In addition to reducing the
volume of waste entering the plant by 90% through incineration, H-POWER is
actively engaged in recycling. Virtually 100% of the ferrous and nonferrous metal
is recovered for recycling, and a program for recycling the ash is currently being
finalized. The facility's pre-processing system uses magnets to pull metals from
the waste stream and eddy current separators extract non-ferrous metals from
the ash, diverting approximately 18,000 tons of ferrous metals (tin cans) and

in efficiency. In addition, the technologies de-
veloped can enable the widespread use of a
cleaner, self-sustaining energy resource de-
signed to demonstrate biomass gasification
power generation. Hawaii’s assets, such as a
highly developed bio-energy infrastructure,
resident technical capability in research and
engineering, and a benign, year-round grow-
ing season, offer unique advantages for de-
veloping these state-of-the-art systems.

Biomass Power

Of all forms of renewable energy, bio-
mass offers the best near-term opportunity for
supplying a significant portion of the energy
needs of developing countries. The use of bio-
mass as a fuel source can reduce dependence
on fossil fuels and thereby improve the bal-
ance-of-payments for countries that import
energy. Biomass production and conversion
activities stimulate local economies by provid-
ing new employment opportunities for the work
force, as well as product and market opportu-
nities for agribusiness. Biomass is also rela-

2,500 tons of non-ferrous metals (aluminum cans) to recycling annually. More-
over, H-POWER reduces Hawaii’s dependence on imported oil. One ton of trash
produces saleable energy equivalent to 60 gallons of oil.

tively low in sulfur content, carbon dioxide neu-
tral over its production and utilization cycle, and
offers environmental advantages over many
fossil fuels. Its use eliminates certain poten-
tially detrimental practices such as uncontrolled field-burning or land-filling crop
residues.

Local entrepreneurs have used food waste to generate energy employ
anaerobic digestion systems to process organic waste that is unsuitable for burning
and not allowed in landfills and wastewater treatment facilities. By-products in-
clude organic fertilizer as a replacement for its chemical equivalent, and biogas
(methane), employed to both generate electricity and to process heat to run the
system.

The “garbage-to-energy” plant on Oahu burns refuse-derived fuel to pro-
vide electricity for Oahu’s power utility. Materials which do not burn, such as steel
and aluminum, are removed for recycling. The plant produces approximately 7% of
Oahu’s total electricity requirements.

Ethanol

An ethanol investment tax credit, enacted in Hawaii in 2000, seeks to en-
courage investment in ethanol production facilities. As described above, Hawaii
has abundant biomass resources and potential. Several companies in the state are
exploring a variety of ethanol production techniques, from traditional fermentation
to state-of-the-art lignocellulosic conversion technologies.




Hydrogen Power

Hydrogen has been called the fuel of the future. It may be the
ultimate environmentally-benign energy carrier — a versatile, transportable
fuel that can be converted easily and efficiently to other forms of energy
without producing harmful emissions. Hydrogen can be used as a fuel for
transportation, electricity generation, cooking, and heating. It can be pro-
duced from renewable resources, such as electrolysis of water into hydro-
gen and oxygen using solar or wind energy, or through direct conversion of
biomass into hydrogen and other gases. In the past, the cost of production,
difficulties in storage, and lack of infrastructure have been obstacles to ev-
eryday use of hydrogen. Work is underway in the area of photo-
electrochemistry, biomass gasification of hydrogen, and hydrogen storage
technologies at the Hawaii Natural Energy Institute (HNEI) to address these
issues.

Hydrogen storage has long been a problem. Hydrogen is normally
stored as a gas in high-pressure tanks, or as a liquid at cryogenic tempera-
tures. Hydrogen can also be stored as a solid by reacting it with a variety of
metals. These materials, known as metal hydrides, provide safe, low-pres-
sure storage; however, historically the amounts of hydrogen have been too
small to be practical, or the hydrogen has formed too strong a bond with the
metal hydride, requiring large energy inputs for its release. Over the last
ten years, HNEI's research has focused on developing “non-classical”
polyhydrides — transition metal complexes — as storage media. Experi-
ments showed that this new class of material could store and discharge
hydrogen with lower energy inputs than conventional hydrides, thereby has-
tening the day when hydrogen can become more cost effective in daily use.

Ocean Energy Systems

Ocean thermal energy conversion, or OTEC, uses the difference in tem-
perature between the ocean’s warm surface water and cold water in depths below
2,000 feet to generate electricity. With a sufficient temperature difference (about 40
degrees Fahrenheit) between the warmer upper layers of water and colder deep

water, power can be generated.
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Pictured above is a fuel cell, which produces
electricity through the combination of hydrogen
and oxygen (the only emission is water vapor).
Hydrogen, the "energy carrier" that powers the
fuel cell, may be produced from water by using
electricity from renewable (e.g., solar, wind, hy-
dropower, geothermal) or non-renewable (coal,
oil) energy sources. Hydrogen may also be ob-
tained from liquid or gaseous fuels (natural gas,
ethanol, methanol, propane, gasoline, etc.) via a
device called a "reformer."

The Natural Energy Laboratory of Hawaii
(NELH) at Keahole Point on the island of Hawaii is rec-
ognized as the world’s foremost laboratory and test fa-
cility for OTEC and OTEC-related research. The facility
has been funded by the State of Hawaii with significant
U.S. Department of Energy participation. The prospect
of major reductions in the cost of closed-cycle OTEC
plants through the application of evaporators and con-
densers is being investigated at NELH. ALCAN Alumi-
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Generator

Turbine

- Condensers

num of Canada and the Marconi Division of the General Seswim B>
Electric Company of Great Britain have also supported sl 2 Ektiaiot systern
this research. %
?«\/‘)/\‘
o Seawater

Wave energy systems are also under study at
NELH. Such systems must be able to withstand a vari-
ety of environmental conditions, including storms, cor-
rosion, and biofouling. They also have to be developed
and deployed in an aesthetically pleasing and environ-
mentally sensitive manner. Hawaii’s skills and strengths
in these areas are important components facilitating this
research.

discharge pipes

In May 1993, an open-cycle OTEC plant at Keahole Point, Ha-
waii, produced 50,000 watts of electricity during a net power-produc-
ing experiment. This broke the record of 40,000 watts set by a Japa-
nese system in 1982. Today, scientists are developing new, cost-
effective, state-of-the-art turbines for open-cycle OTEC systems.
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The 225 kW PowerTracker/Wind Hybrid System, designed
and built by PowerLight Corporation for Parker Ranch.

Solar and Wind Energy

Hawaii has harnessed
other natural energy sources for
technological innovation. Hawaii
has the highest per capita use of
solar water heating in the United
States. Hawaii is also a leader in
the development of applications of
photovoltaics and wind energy, as
well as in sophisticated computer
modeling of its statewide energy
system. Several solar engineering
firms in the state are active in both
solar thermal heating and photo-
voltaic equipment applications ser-
vicing clients in the Pacific Islands,
South America and the Mainland
U.S. Other firms are marketing hy-
brid solar products, including a pat-
ented solar pasteurization process
for water purification.

Parker Ranch, located on
the island of Hawaii, is one of the
largest and oldest cattle ranches in
the country. It is also the home of
the world’s largest hybrid PV-wind

Frank Hess, Service Operations Manager, Parker
Ranch (on the left) and John Crouch, Director,
PowerLight Corporation, shown next to the con-
trol building, with three of the five 10 kW wind tur-
bines in the background. The Supervisory Con-
trol and Data Acquisition (SCADA) system maxi-
mizes the efficiency of the hybrid system by match-
ing electrical load to available solar energy.

project: 175 kW of photovoltaics and 50 kW of wind power supply over 90% of the
daytime electrical power needed to provide drinking water for Ranch livestock in

one of the grazing areas. During
any given day, the combination of
sun and wind provide enough en-
ergy to run all the booster pumps
in the water system that runs 7,000
feet up the side of Mauna Kea.
Money saved from reduced utility
bills more than covers the amor-
tized cost of the system.

The Hawaii Islands
Humpback Whale National Ma-
rine Sanctuary building on Maui
has solar water heaters, a 2.8 kW
photovoltaic system, and solar light
fixtures. Any surplus solar power
(such as is generated on week-
ends) is sold to Maui Electric Com-
pany. “Using renewable energy
helps reduce the risk of oil spills,

and thereby helps to protect the marine environment — one of our objectives,” said
Claire Cappelle, Maui County Liaison for the Sanctuary.

Other utility-connected photovoltaic installations include systems at ho-
tels, a car dealership, and schools. The Mauna Lani Resort pioneered hotel use
of photovoltaics with the installation of two systems that serve both the main hotel
(100 kW) and its golf cart charging operation (110 kW). The Hapuna Prince Beach
Hotel has a 20 kW PowerGuard photovoltaic system and will soon receive 90 new

Courtesy Parker Ranch



solar-powered “SunCaddy” golf carts for their Club Car fleet. A Chevrolet dealer-
ship near downtown Honolulu has 50 kW of photovoltaics on its building. Fifteen
public schools also have photovoltaic systems installed under a “Sun Power for
Schools” program sponsored by the Hawaiian Electric Company and its subsid-
iaries.

In addition, many off-grid (remote) homes have photovoltaic systems with
battery and generator backup. Several companies, such as Inter-Island Solar
Supply and ProVision Technology Inc., sell and service such systems locally, as
well design and install solar systems
overseas. Solar water heating also
continues to be successfully applied.
An estimated 70,000 single family
homes, multi-unit dwellings and insti-
tutional facilities in Hawaii are served
by solar water heaters. Over 14,000
solar water heating systems have
been installed under electric utility pro-
grams since 1996. Hawaii has the
highest per-capita use of solar water

heaters in the United States.

Terrestrial Resources

Heat from the earth, also
known as geothermal energy, can be
harnessed to produce electricity. Puna
Geothermal Venture’s geothermal
energy production facility represents
an important element of Hawaii’s di-
verse approach to the development of
alternative energy. The plant currently
produces about 30 megawatts of safe,
clean and reliable power. PGV employs a “closed system” in which deep wells are
used not only to extract steam and water heated by underground lava, but also to
inject the resulting condensate back into the earth and far below the water table.
The steam is used to drive turbines producing power.

Looking to the Future

Future wind, wave, biomass, hydrogen, and solar energy systems will
achieve steadily higher efficiencies and reliabilities as well as lower costs. Im-
provements in electronics and in the development of lightweight, durable materials
will be integrated with improved system design. These new systems will be used
by residential and business customers as well as for utility-scale electricity genera-
tion.

Clean, high-efficiency biomass combustion, gasification, methane produc-
tion and other conversion technologies make the best use of available biomass,
agricultural, and municipal waste. Hawaii’s long history of success in the develop-
ment, design and use of these systems will serve as a strong basis for improved
use of these resources.

Renewable energy technologies provide countries with opportunities to in-
vest in the development of resources within their own borders. These resources
not only provide venues for energy production but also can support aquaculture,
agriculture, and a variety of scientific research projects and even eco-tourist attrac-
tions. As these possibilities become more widely recognized, integrated resource
development supporting environmental preservation will become commonplace.

Hawaii’s volcanic origins provide a natural
and renewable source for geothermal energy.
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TELECOMMUNICATIONS

A Diversified Hub for Trans-Pacific Satellite and Fiber Optic Networks

Situated at a diversified hub
of trans-Pacific fiber optic cables, satel-
International Submarine Cable Network lite links and cellular and wireless net-
Pacific Ocean .

works, the State of Hawaii affords a full
range of advanced digital telecommuni-
cations services to local communities as
well as to all domestic and foreign des-
tinations.

More than 40,000 strand miles
of intra- and inter-island fiber optic cable
link our island communities to the world.
One undersea cable, a “super-carrier,”
increases total capacity by 130,000 cir-
cuits and provides a separate, redun-
dant backup for the entire fiber cable net-
work in the Pacific. In 1998, 100% of
local telephone lines were converted
from analogue to digital switching. Two
submarine interisland fiber-optic cable
systems ensure digital connectivity and
communications are available on all is-

----- ANALOG CABLE)
DIGTAL CABLE
............... DIGTAL CABLE
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TRANS-PACIFIC
CONNECTIVITY

lands within the state.

High data rate links with more than 30 state-of-the-art telecommunications
satellites complement Hawaii’s terrestrial fiber network, and provide rapid connec-
tivity to remote locations throughout the Asia-Pacific region. Hawaii has the highest
per capita use of cellular telephones in the nation, and a wide range of cell services
are now provided by companies statewide. The state is ahead of the nation in
Internet penetration at 65% (research by Omnitrack group, July 2000). DSL service
has been increasing tremendously, with over 35 ISPs now selling service statewide.
Approximately 69% of Hawaii households have a computer (compared to 50% na-
tionwide), and two in seven Hawaii residents have made purchases on the Internet.

Digital undersea fiber-optic cables connecting through Hawaii are facilitat-
ing simultaneous voice, data, and image transmissions to major markets in the U.S.
Mainland, Canada, Japan, Korea, Hong Kong, Taiwan, Singapore, the Philippines,
Australia, New Zealand, and Malaysia. In addition to exceptional bandwidth, Ha-
waii-based companies now have the capability to send secure data on dedicated T-
1s to every major business center in Asia and Europe. A Hawaii-grown company,
Digital Island, is facilitating this capability, and offers multinational corporations
single-hop connectivity into both local and international Internet markets (see also
Information Technology).

The latest broadband connections — a pair of new digital fiber transports
that opened to traffic in fall of 2000 — effectively increased the available bandwidth to
the islands by a factor of 40. The Southern Cross Cable Network (SCCN), provid-
ing 120 gigabits per second (Gbits/s) of capacity between Hawaii, Australia and
New Zealand, is enough to transmit two-full length motion pictures every second.
Southern Cross capacity between Hawaii and the U.S. Mainland is 160 Gbits/s, with
a minimum of 40 Gbits/s dedicated to the Hawaiian Islands for local use. Availability
is designed to exceed 99.999%, compared with an industry standard for single strand
cables of 98%. The Southern Cross network is comprised of two separate cables,
helping to ensure reliable access to the Internet, and will be upgraded to 240 Gbits/s



in 2002 (with potential for expansion to 480 Gbits/s). The Japan-U.S. Cable Net-
work (JUSCN), with a capacity of 80 Gbits/s (enough to carry over 900,000 simul-
taneous phone calls), has a projected ramp up to 640 Gbits/s by 2002. One of its
first customers, the University of Hawaii, is taking ownership of more than 300
megabits of bandwidth, which has tripled its Internet access capability. Both SCCN
and JUSCN are detailed in grey in the cable network diagram on the facing page.

Hawaii’s state-of-the-art telecommunications infrastructure and capabili-
ties are complemented by a progressive State regulatory framework that fosters
competition in the industry, which in turn helps to keep in check the costs of tele-
communications statewide. A wide variety of choices in local, interisland, national,
and international telecommunication services provided by Verizon Hawaii, AT&T,
MCI, Sprint, and GST, among others.

This extensive telecommunications capability is facilitating a broad range
of applications statewide.

+ Cable television extends to 97% of residents on Oahu, and cable fran-
chises operate on all major islands, which can be used to support a wide
variety of digital services.

+ Public education programs and inter-agency communications are facili-
tated by fiber and microwave telecom networks (voice, data, video-
conferencing) supported by the state.

+ Internet web page designers and telecommunica-
tions software producers are well established
throughout the state.

+ Hawaii is also becoming increasingly known for its
advanced digital transport capabilities, data cen-
ters, and call centers.

The Asia/Pacific region is facing unprecedented
Internet growth, with e-commerce projections exceeding US$
1 trillion by 2004. The implementation of new high-speed glo-
bal fiber optic systems connecting through Hawaii has spurred
the development of Internet data centers and helped expand
the state’s role as a trans-Pacific telecommunications hub.

Data centers offer a wide range of services to businesses — from complex
web and server hosting to redundant data storage for disaster recovery. Located in
downtown Honolulu, NetEnterprise provides a wide array of data center services
including dedicated Internet access, computer networking solutions, web hosting,
server colocation, and communications technology expertise to organizations in
Hawaii and throughout the Pacific. With headquarters in Honolulu and sales offices
in Tokyo, Seoul, Taipei, Sydney, Singapore, Los Angeles and San Francisco, Pihana
Pacific provides a world-class service portal on the Internet, maintaining a carrier-
neutral Internet exchange (I1X) that enables customers to interact with vendors and
partners throughout its data center locations. Mid-Pacific Broadband, Inc. (MPBI),
a developer of broadband solution systems, has signed a lease with Campbell
Estate to build a $125 million Enhanced Broadband Center (EBX) containing the
state’s largest Internet Data Center (IDC) and first Network Access Point (NAP).
The Center will be built on 54 acres of undeveloped land in Kapolei (see next page)
and will offer rapid storage and retrieval, data mining and management, and ASP
(application service provider) services for global enterprise-level companies. MPBI
will develop a multi-level Network Attached Storage (NAS) and Storage Area Net-
work (SAN). The NAS will be particularly useful for applications that manage their
own storage, while the SAN will provide powerful, rapid, and highly-reliable data
storage and retrieval.

INTERNET DATA
AND CALL CENTERS

Based in Honolulu, the Pacific Tele-
communications Council (PTC) is
an international, non-profit, non-govern-
mental membership organization that
brings together both providers and users
of communication services, as well as
policy-makers, technologists, lawyers, en-
gineers, researchers and educators.
PTC’s members are found worldwide, and
membership is open to all who share an
interest in the development and benefi-
cial use of telecommunications and re-
lated disciplines in the Pacific hemi-
sphere, including the Americas, Asia, and
Oceania. The PTC Annual Conference
is held in Hawaii each January, and pro-
vides a forum for discussing the latest
telecommunications developments and
issues. PTC also hosts mid-year semi-
nars in different countries. These two-day
events provide opportunities for interested
parties to gain greater understanding of
regional and domestic issues through pre-
sentations by local and international
speakers.

Courtesy PTC
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Firms looking for an exceptional call center site to do business with Asia
will find Hawaii to be the ideal location. The islands’ mid-Pacific location allows
companies to communicate with cities such as New York, Washington, D.C., Hong
Kong, Tokyo and Singapore during the same business day. Hawaii’'s sophisti-
cated fiber-optic and satellite communications networks link Hawaii to the world.
Hawaii is one of the most wired states in the U.S., offering completely digital, high-
capacity voice and data transmissions and virtually limitless bandwidth. Hawaii’s eth-
nically-diverse workforce is known for its excellent customer service and multilingual
skills, a natural friendliness, a strong work ethic, loyalty and dedication. The state’s
comparatively low skilled labor fees, and progressive tax incentives (state tax holi-
days; no tax on gross income derived from out-of-state contracts, or on inventory,
furniture, equipment or machinery; credit granted against taxes paid on the pur-
chase of capital) lower operational costs. United Airlines, Genesys Conferencing,
Inc., Sprint PCS, Cheap Tickets, Pencro, Southco, Inc., AT&T, and others have all
established regional call centers in Hawaii, and Call Center Hawaii
(www.callcenterhawaii.com) can help companies establish new sites in the state.

EDUCATIONAL Established in j996, Hawaii’s E-Sphool qperates asa supplemgntal vir-
tual school accessed via the Internet and instructional television to provide addi-
NETWORKS tional coursework to any student, any place at any time. Its vision is to empower

students in their use of information technology to develop marketable skills for
an increasingly digital workplace environment. Over the years, E-School has
ot made significant strides toward promoting challenging standards that assist state-
'i'“«}’ wide systemic reforms; developing curricula and teaching strategies exportable

T to other settings and communities; benefiting students by integrating acquired
technologies into curricula to enhance teaching, training and student achieve-
ment; developing new learning environments for disadvantaged and techno-
logically under-served students; and creating high-quality educational technol-
ogy applications and services that can be marketed to other communities. Fur-
ther information on E-School is available on the Web at www.eschool.k12.hi.us
(see also “Education and Training” under Information Technology).

S
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Hawaii also extends educational and training services via satellite to
PEACESAT Pacific Footprint areas within the Asia-Pacific region that do not have access to fiber optic net-
works. The Pan Pacific Education and Communication Experiments by Sat-
ellite (PEACESAT), a program of the Telecommunications and Information Policy
Group of the Social Science Research Institute, Univer-
sity of Hawaii, provides interactive video teleconferenc-
ing to Guam, American Samoa, Commonwealth of the
Northern Marianas Islands, the Federated States of
Micronesia (Pohnpei, Kosrae, Chuuk, Yap), the Repub-
lic of Palau and soon the Republic of the Marshall Is-
lands. Funded, in part, by the National Telecommuni-
cations and Information Administration of the U.S. De-
partment of Commerce and other program partners, its
activities support the development of affordable, strate-
gic public service telecommunications for education,
health care, natural disasters, economic and human re-
sources development, and capacity building at the com-
munity, state, national and regional level. There are cur-
rently 52 PEACESAT sites in 22 Pacific Island jurisdictions which share the use of
9 simplex and 3 full-duplex narrow-band analog circuits. The simplex circuits are
used for teleconferencing. The full-duplex circuits are used for point-to-point voice
and 9.6 Kbps data communications. PEACESAT uses the GOES-2 Satellite un-
der a Memorandum of Understanding among the U.S. National Telecommunica-
tions and Information Administration (NTIA), the National Oceanic and Atmospheric
Administration (NOAA), and the National Aeronautics and Space Administration
(NASA).




Located on the western coast of the island of Oahu, the
City of Kapolei is a master-planned urban center rivaling down-
town Honolulu in size. The Kapolei region encompasses the state's
largest industrial park and second-busiest commercial harbor, a new
business park and vacation resort area, residential developments,
and telecommunications infrastructure to facilitate the Information
Age. James Campbell Industrial Park, situated within Kapolei, is a
designated Foreign Trade Zone. The state uses the FTZ program
to promote economic development, so there are no fees or costs for
companies seeking this status, and assists companies with the ap-
plication process. Kapolei is also designated as an Enterprise Zone,
enabling eligible businesses to take advantage of state excise tax
exemptions and income tax credits, as well as local tax incentives
(in some cases, for the first seven years of operation).

Often referred to as the “Pacific Port of the Information Age,”
Kapolei is wired, with direct access to transpacific fiber optic cables
and satellite networks that give companies instantaneous global con-

nections. Kapolei’s telecommunications infrastructure allows private secure net-
works for global voice, data, and video transmissions to bridge to the mainland
U.S. and Asia. This is made possible by direct fiber links to earth stations at the
Kapolei Teleport that can “see” North America and Asia-Pacific satellites simulta-
neously. Companies such as Software Pharmacy Inc. (the only web-based com-
pany providing Internet and data warehousing for pharmaceutical claims informa-
tion), Southern Cross Cable Network (see previous pages), AT&T, Verizon Com-
munications, Time Warner Telecom/Ocean Communications (offering trans-
port and switched services, long distance telephony, dedicated Internet services,
and fiber optic ring networks), and Vision Accomplished (servicing domestic and
international satellites with tape, studio, and fiber interconnection) have recognized

the strategic advantages afforded by Kapolei’s unique location and
infrastructure.

Satellite telecommunications companies have also been at-
tracted to Kapolei — especially as a site for connecting Asia and the
Pacific with the United States. Loral CyberStar, an international
satellite communications company facilitating private data networks,
Internet connectivity and video transmission services, established
an earth station at the Kapolei Teleport as a key part of its strategy
for expansion into the region. Hawaii-based USAsiaTelecom (USAT),
a provider of high-speed connectons to the U.S. Internet backbone,
established a satellite gateway at Kapolei to enable direct service to
Internet Service Providers throughout Asia. Southco, Inc., an inter-
national manufacturer of engineered access solutions, established
its Asia-Pacific technical support, training, and computing center at
Kapolei to complete its worldwide communications and customer ser-
vice network. And Transvision International (TxVision), a global
provider of transportable and fixed teleport services, will build four
satellite antennas at the Kapolei Teleport by the end of 2001, en-
abling the company to connect Internet services from the US via
fiber to Kapolei and via satellite to two-thirds of the world’s popula-
tion in China, Japan, Korea, Malaysia, Indonesia, Philippines, Thai-
land and India.

Looking to the future, companies can easily establish video
links between North America and Asia — opening vast markets for
entertainment, news, education and television. Kapolei is also a per-
fect launching site for e-Commerce companies that want to access
not only highly competitive major markets, but also yet-to-be-culti-
vated markets in Asia, India and other Far East countries.

o

KAPOLEI:
HAWAII'S e-CITY

The Kapolei Teleport sits astride a number of
trans-Pacific fiber optic cables and is connected to
terrestrial networks. The Teleport also houses sev-
eral satellite earth stations supporting eight anten-
nas (to expand to 16 by the close of 2001). With
this dynamic pairing of technologies, Kapolei busi-
nesses can now penetrate markets where fiber
optics is not yet available. The Teleport's unique
viewing site allows the earth stations to "see" Asian
satellites that are invisible to the continental U.S.,
as well as North American satellites that are invis-
ible to Asia. This overlap of satellite footprints gives
U.S. businesses rapid and direct access to large,
growing markets in Asia that are not served by fi-
ber optic cables.

Courtesy Gary Hofheimer
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TECHNOLOGY-BASED DEVELOPMENT
IN THE NEW MILLENNIUM

Building Knowledge-based Industries for Economic Growth

HAWAII'S STRATEGIC
ADVANTAGES

THE HAWAII CONVENTION CENTER
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The foregoing pages have displayed some of Hawaii’s unique and valu-

able assets, which prescribe a technology development strategy based on niche
opportunities where the State offers clear competitive advantages.

The following categorization of Hawaii’s assets and advantages is relevant

to formulation of this strategy:

¢

Hawaii is an attractive place to live, work and visit because of its pleasant
subtropical weather; its natural beauty; its unique blend of Pacific, Asian and
western cultures; and its reputation for hospitality and healthy living.

Hawaii is well-positioned to serve as a two-way economic bridge between the
American and Asian markets because of its mid-Pacific location, excellent trans-
portation and communication services, commercial and cultural ties to both
America and Asia, a legal structure that provides a safe environment for U.S.
and foreign investments, and a time-zone which allows same day communica-
tion with American and Asian companies during a portion of normal working
hours for all parties.

A new, state-of-the-art Convention Center, proximal to hotels, businesses and
recreational facilities, provides an ideal venue for hosting large, international
gatherings, such as annual meetings of the Pacific Basin Economic Council
and the Asian Development Bank, as well as business and professional con-
ventions.

Honolulu is a major connecting node for high-capacity fiber optic cables, thereby
linking Hawaii to markets throughout the Pacific. Satellite dishes at the Kapolei
Teleport “see” both Asian and North American telecommunications satellites.
In addition, plans are underway for construction of the largest Internet data
storage and data transit center in Hawaii to serve the Asia-Pacific region.

Honolulu remains a major transportation hub, offering daily flights and timely
air freight service to numerous American and Asian cities. Plans for an interna-
tional air cargo center include provision for foreign trade zone and world trade
center facilities.

Hawaii’s pillars of technically-oriented research excellence and advanced re-
search facilities include Pacific-wide tropical agriculture, aquaculture, marine
sciences and ocean engineering, alternative energy, information technology,
medical research, astronomical research, geology and geophysics, and remote
sensing. Its universities and federally-funded East-West Center are highly-
regarded institutions in these disciplines, as well as in the social sciences, arts,
and linguistics, thus forming the basis for a “globally-informed” center of knowl-
edge.

Hawaii sports a skilled work force in many areas which are important to high-
tech, supported by public and private universities, colleges, community col-
leges, and trade schools, and buttressed with an infusion of legislative support.
Graduates of the University of Hawaii’'s Colleges of Engineering and Business
Administration have been especially sought after by information technology,
telecommunications, and Asia-Pacific oriented enterprises.



+ Hawaii ia growing an advanced telemedicine network linking medical centers
throughout Hawaii to remote areas throughout the Asia-Pacific region. Ad-
vanced diagnostic services are provided through a joint venture between
Queen’s and Kuakini Medical Centers and Mayo Medical Laboratories. As
shown in a foregoing section, Hawaii is also a site for one of only a handful of
Positron Emission Tomography (PET) scanners in the world, and is actively
involved in 3-D medical imaging research.

¢ The 200-mile Exclusive Economic Zone surrounding the
Hawaiian Islands provides manifold opportunities for al-
ternative energy testing, aquaculture development, and
pharmaceutical-oriented research. It also provides clear
legal access to vast living resources and mineral re-
sources, including deposits of manganese nodules
(which contain copper, nickel, cobalt and manganese)
on the ocean floor.

+ The state offers technology-oriented business parks and
incubator facilities, including the Manoa Innovation Cen-
ter, Maui Research and Technology Center, Mililani Tech-
nology Park, Kapolei Business Park, and the Hawaii
Natural Energy Laboratory. Plans for a new UH medical
school site and a world-class aquarium can transform
the Kakaako portion of the Honolulu waterfront into a
valuable bio-research venue.

+ Advanced digital telecommunications infrastructure de-
velopment in West Oahu’s Kalaeloa area, together with
ample returned Navy lands, provide a practically a vir-
gin venue for new industry investment. Through its
unique mid-Pacific location, state-of-the-art infrastruc-
ture, and resident expertise, Hawaii has become a stra- .
tegic node on the Information Superhighway serving the Asia-Pacific region. A
variety of satellite and terrestrial networks are also supporting a broad range of
applications in electronic commerce.

Infrastructure Requirements for Technology-Driven Growth

Hawaii’s strategic technology-related assets well position the state to de-
velop technology-based industries to fuel economic growth. But Hawaii must also
address the need for appropriately skilled workers in order to realize the economic
diversification and growth potential offered through the emergence of more ad-
vanced knowledge-based industries.

New companies and industries built around such technologies offer the
prospect of attaining competitive advantages for Hawaii’'s economy; but without suf-
ficient venture capital to finance such development, this potential will not be fully
realized. Furthermore, in order to fulfill the promise of this technology strategy, it
must be recognized that both the public and private sectors need to improve pro-
ductivity, reduce regulation, and enable firms to be more competitive — both locally
and overseas.

Finally, to both attract and retain new technology-based enterprise to Ha-
waii, as well as the skilled workers they require, it will be critical for the state to
ensure that the islands’ distinct attributes and quality of life — including a beautiful
environment, low incidence of crime, quality of education, and other desirable char-
acteristics — are supported and maintained.

INFRASTRUCTURE
REQUIREMENTS
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TECHNOLOGY
INCENTIVES

To meet these challenges, the Cayetano administration has focused on
streamlining and restructuring State government. Regulatory reform — to promote
productivity, allow Hawaii firms to compete better in the global market, and improve
the business climate for investment — has been a high priority. Reform has meant
reorienting State economic laws, regulations, and policies to reduce barriers for
doing business in Hawaii, lower business costs, and develop realistic partnerships
between the public and private sector for economic development. Reform also has
called for legislative action to provide incentives, and challenged industry and en-
terprise to act more quickly and substantively to meet commitments and responsi-
bilities implied in these incentives.

What the State is Doing to Facilitate Tech-Based Enterprise

Over the past three years, the State Legislature and Administration have
undertaken a variety of initiatives to revitalize Hawaii’'s economy through innovative
applications of technology. For example, personal and business tax cuts amount-
ing to an estimated $2 billion over six years have been implemented. Autonomy
has been granted to enable the University of Hawaii to secure grants for cutting-
edge research and participate more directly in economic development of high tech-
nology and other economic initiatives. Computer education goals have been es-
tablished for public schools to create a computer literate and globally competitive
workforce. And a Hawaii Tourism Authority has been established with a specific
mandate to promote technology-related conferences, workshops, and exhibitions
statewide.

Several legislative measures supporting the growth of Hawaii’s technology
sector (Acts 118, 178, 195, 237, and 297) have established a broad range of incen-
tives for technology-based companies. Key among these include:

+ Prohibition of discriminatory State-level taxes on electronic commerce or
Internet access (patterned after federal law).

+ High-technology business tax credits for investment in qualified high tech-
nology businesses.

+ Tax credits for new or increased R&D in Hawaii. Investments in a technol-
ogy business earn an income tax credit equal to 10% of the investment, up
to a maximum of $500,000. Increasing research activities also qualifies for
tax credits, equivalent to an additional 2.5% of expenses over the base
amount.

+ A tax exemption for income received from stock options.

+ Funding for the Governor’s Millennium Workforce Initiative to fast-track train-
ing for highly skilled technical jobs in such industries as biotechnology,
healthcare, and information technology.

+ Establishment of a Governor’s Special Advisor for Technology Development
to help bring industry and government together in partnership for high-tech
growth.

+ Permitting the sale of unused net operating losses by qualified technology
companies upon approval of the Tax Director.

+ Adding tax exclusions for royalty income from qualified patents, copyrights
and trade secrets.

+ Increasing the period for capital loss carry forward to 15 years.

+ General Excise Tax (G.E.T.) exemptions for Hawaii-based contractors and
service business that perform services or fulfill contracts outside of Hawaii.



¢

¢

New laws creating a workforce development program aimed at providing
Hawaii’s workforce with technology-based skills through a cooperative pro-
gram between the Department of Labor and the University of Hawaii.

“E Academies” established by the Department of Education to teach tech-
nological, science, math and engineering subjects through “virtual” schools
inside a delegated school in each district.

Updated information on Hawaii current legislation activities can be found at:
www.ehawaiigov.org/government/html/index.html.

A description of State administrative directives may be found in the docu-

ment “Strategic Planning for Technology-Based Development in the State of Ha-
waii,” State Department of Business, Economic Development and Tourism, Decem-
ber 2000. In broad terms, recommendations contained in this report support ac-
tions to:

¢

Better coordinate efforts and nurture mutually beneficial networks, relation-
ships, and clusters among the various parties involved with high-tech devel-
opment in Hawaii.

Attract talent and increase research at the University in the selected areas
of excellence that will provide commercial benefits to Hawaii.

Foster technology transfer of research results to commercial applications in
Hawaii.

Upgrade workforce skills in scientific disciplines, engineering, telecommuni-
cations, and computer science to the mutual advantage of both workers and
the high-tech companies.

Reorient professional disciplines such as law, accounting, corporate man-
agement, and finance to meet specialized requirements of technology-based
transactions.

Provide physical infrastructure, including affordable building space, land area,
and telecom connections needed to achieve success with technology-based
ventures.

Streamline regulations and provide incentives with appropriate environmental
safeguards to support more entrepreneurial activity and reduce the costs of
doing business in Hawaii.

Strengthen marketing and promotion of Hawaii’s technology-based prod-
ucts and services, and of Hawaii as a location for technology-based compa-
nies and research activities.
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WORKFORCE DEVELOPMENT AND THE
IMPACT OF THE UNIVERSITY OF HAWAII SYSTEM

Training Today’s Youth for Tomorrow’s Leaders

WORKFORCE AS AN
ECONOMIC DRIVER
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Education is both an important source and a product of economic growth.
By increasing knowledge and flexibility instilled by the learning process, education
improves the productivity of the workforce over time and expands the productive
capacity of an economy.

Hawaii’s workforce has been an important contributor to the state’s eco-
nomic growth since statehood. It more than doubled between 1959 and 1998, in
part due to in-migration from other states and countries. In addition, an increasing
percentage of Hawaii’s labor force has graduated from college. In 1960, only nine
percent of Hawaii’s adult population, aged 25 and over, had a college degree; by
1998, the percentage of adults with bachelor’s degrees or higher had risen to 24%.

Using growth accounting methodology, it has been estimated that higher
education’s effect on raising labor earning in Hawaii alone accounts for 14% of
Hawaii’s economic growth between 1959 and 1989. This number understates the
contribution of higher education to Hawaii’'s economic growth, since it does not
include, for example, the positive benefits of research or service provided by Hawaii’s
higher education institutions to local businesses and industries.

Broadening this methodology to account not only for research contribu-
tions but also for total UH-related expenditures, it has been estimated that these
factors annually generate $1.6 billion, directly and indirectly, in business sales,
29,000-plus jobs, $1.1 billion in income to Hawaii households, and $183 million in
state and local taxes. For the second year in a row, the University has set a new
record in total funding for research and higher education. During Fiscal Year 2000,
UH garnered $180.6 million in extramural grants, a 9% increase over the previous
year. The biggest gains were in funding for research, where new records have
been set in each of the past five years. Last year’s research awards totaled $102.8
million, up from $92.7 million in FY 1999. Key areas of research receiving signifi-
cant external support include:

*

Free electron laser imaging

Cancer and anti-tumor agent research
Specialized neuroscience research

Malaria vaccine development

Marine Bioproducts development
Oceanographic and undersea research
Development of a autonomous underwater vehicle
Global climate change modeling and prediction
Astronomy/astrophysical research

Broad band & wireless communication
Hydrogen fuel cell development

High energy physics research

® & & & 6 O O o 0o

Tropical soil management

Several of these areas have been mentioned in previous sections of this report.
We now highlight several University research initiatives with significant potential for
expanding and diversifying Hawaii’'s economy.



Free Electron Laser Research

This technology can be used to probe the fundamental structure of matter
and living organisms, or to provide electrical power to satellites and orbital transfer
vehicles. Dr. John Madey’s experimental success with X-ray technology in gene-
protein research has been highlighted in the Biotechnology section of this report.
In addition, another attractive application of free electron lasers (FELS) is in the
area of precision cutting and drilling. The Free Electron Laser is able to make finer
and more precise cuts in bone and tissue than are possible with standard surgical
tools. The laser generates pulses of light intense enough to ablate (vaporize) the
surface layer of whatever material the laser is focused on. The light pulse is so
precise and quick that little or no thermal damage occurs to the surrounding area.
Not only is the ablation precise, but it is also painless. This will ultimately facilitate
surgery on the central nervous system without damaging adjacent nerves. It can
also be used for removing dead tissue from burn victims and for surgery on patients
where anesthesia cannot be used.

Hydrogen Fuel Cell Research

Researchers have long known the power of hydrogen as a clean, non-toxic
and inexhaustible source of power. Today, hydrogen is used to propel the Space
Shuttle out of earth’s gravity. The major constraint to its use as a cheap and clean
source of fuel for other purposes is that it is difficult to store safely in large quanti-
ties. Storage is the key to adapting hydrogen as a fuel for either cars or homes. UH
chemist Craig Jensen is focusing his research on finding efficient, inexpensive
methods of storing hydrogen as an energy carrier for fuel cells. In particular, he is
working on the use of metallic hydrides — compounds in which hydrogen atoms are
chemically bonded to metal centers such as magnesium or aluminum. Jensen’s
work has won key honors from the U.S. Department of Energy.

Broad Band and Wireless Communication

Recognizing the importance of wireless communications for both military
and civilian use, the Department of Electrical Engineering is involved in the devel-
opment of sophisticated communication systems that are easily deployed, mobile,
secure, and have the ability to support a variety of different bandwidth information
sources. The communication systems will be wireless networks that can accom-
modate different bandwidth information sources, ranging from broadband multime-
dia applications to sensor and control information. The development of these net-
works involves research in diverse areas including semiconductor devices, micro
electro-mechanical systems, millimeter-wave devices, channel coding and modu-
lation, signal processing algorithm design, and network control and optimization.

Planetary Biology

The School of Ocean and Earth Science and Technology is working to
make a major contribution to bio-ecology — a rapidly emerging field that explores
the role of microbes in processes related to earth and rock formation. A major
question is whether microbes weaken certain parts of the earth’s crust, thus influ-
encing where fracture lines are likely to occur in an earthquake. Another area of
attention is planetary biology, which explores how certain microbes can survive in
extremely harsh environments. This includes the study of microbial colonies living
in and around extremely hot undersea volcanic vents and in polar ice. This exciting
field of investigation also includes evaluation of evidence for the possibility of life
forms on other planets in the solar system.
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Astronomy

Through development and operation of astronomical research and training
facilities on Mauna Kea, on Haleakala, and at its Manoa and Hilo campuses, UH is
expanding humankind’s understanding of the physical Universe. Recent discover-
ies of planetary systems beyond our own solar system are among the more widely
recognized achievements of the University’s astronomical research program. Cur-
rent and future research will focus on key questions related to how our Universe is
evolving, how galaxies and the stars within them form, and how many stars contain
planetary systems. Particular attention is being given to planets like Earth, where
life could have developed.

Agricultural Biotechnology

The College of Tropical Agriculture and Human Resources (CTAHR) sup-
ports the expansion of diversified agriculture in Hawaii through basic and applied
research to develop new and improved crops. Following the successful use of ge-
netic engineering to develop “ring spot” virus resistant papaya, college researchers
are now working on developing a nematode-resistant pineapple and on the control
of the “bunch top” virus in bananas. University researchers are also involved in the
development of an automated plant tissue culture facility that will focus on plant
tissue cultures for elite varieties of coffee, cacao, and other tropical crops.

Marine Bioproducts

The Hawaii Marine Bioproducts Engineering Center (MarBEC) is involved
in the discovery and development of new marine bioproducts. Marine environ-
ments contain a wide range of micro algae and other organisms that have tremen-
dous potential to provide new bioproducts, including enzymes, antibiotics, anti-can-
cer agents, food additives, and pigments. In addition to basic and applied research,
a key component of MarBEC’s mission is the development of business relation-
ships with industry partners located in Hawaii, North America and leading technol-
ogy countries in the Pacific Rim and Europe.

Partnerships with Business

A major contribution of the University of Hawaii System, which includes its
principal 4-year campuses at Manoa, Hilo, and West Oahu, as well as Community
Colleges on each island, is its partnering with businesses to train workers for emerg-
ing and growing industries. For example:

+ When Continental Airlines was deciding where to locate its new $24 million
wide-body maintenance facility in the Pacific, the aeronautics maintenance
program at Honolulu Community College was able to supply the necessary
workers, which became a major factor in Continental’s decision to come to
Hawaii.

+ Honolulu Community College’s new commercial aviation program, in part-
nership with the University of North Dakota, makes it possible for students
to literally “reach for the sky” Students who dream of entering the boom-
ing global aviation industry can now earn their private and commercial pilot
licenses in Hawaii.

+ Cisco Systems, Inc. designated Honolulu Community College as one of its
Regional Training Academies to train experts in computer networking. The
academies help high school students learn how to design, build, and main-
tain computer networks and prepare them for entry into this fast growing
field.



+ Kapiolani Community College has partnered with local hospitals to develop
Hawaii’s first Diagnostic Medical Sonography (ultrasound) training program.

+ Hawaii Community College on the Big Island has developed training pro-
grams to supply workers for new, emerging industries such as call centers,
forestry, and awa and noni production.

The University also has established a new partnership with the business
community and local government to stimulate entrepreneurship in knowledge-based
industries. Known as “University Connections,” this partnership is actively promot-
ing innovation and commercial growth in biotechnology, healthcare, and informa-
tion technology, among other areas.

In his 2001 State of the State address, Governor Benjamin Cayetano noted
that “the University of Hawaii is not just a place of higher learning; it is also a driving
force for the economic development of this state.” This section has highlighted a
variety of university-based programs and activities that underscore this fact.
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ISLANDS OF SUPPORT FOR
TECHNOLOGY-BASED DEVELOPMENT

Providing Public and Non-Profit Service for Entrepreneurial Growth
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To realize opportunities afforded by Hawaii’s resources for tech-based
growth, as well as to provide means for catalyzing tech-based growth and diversi-
fication, the State and its four counties have established and support economic
development boards, technology parks, and incubation centers. Some, like the
Manoa Innovation Center, were established to facilitate commercialization of uni-
versity research spinoffs. Others, like the neighbor island economic development
boards, were founded to enable development of resources in specific locales, or to
facilitate extensions into commercial applications of defense or other federal dual-
use technologies.

Over the years, these programs have provided essential startup support to
help launch new commercial enterprise. Experience elsewhere has shown that
such programs can often lead to a variety of benefits, including expanded industrial
contacts, formation of research consortia, centers of excellence, industry-supported
research chairs, spinoff company formation, and greater university collaboration
with the external community. Furthermore, the location of particular technology
industries in a given area can also generate business clustering of support indus-
tries. Anindustrial cluster creates demand for local suppliers who can quickly pro-
vide materials and services. Industry concentration also allows both labor and
capital resources to flow more freely between firms within the region. In all, the
establishment of physical locations and sustained support by state and county gov-
ernments and community-based development boards provide a positive and vis-
ible focus for technology commercialization and entrepreneurship statewide.

Hawaii’s Technology Support Infrastructure

This section of the report briefly describes the role and functions of key
agencies that are contained within, affiliated with, or maintain close working rela-
tions with the Department of Business, Economic Development & Tourism (DBEDT),
which is mandated to carry out the State’s efforts to identify, promote, and market
its economic development potential. These agencies are further tasked with imple-
menting Hawaii’s technology policies and with facilitating technology-based devel-
opment. They include government entities such as DBEDT’s Energy, Resources,
and Technology Division, Business Development and Marketing Division, Foreign
Trade Zone, the Natural Energy Laboratory of Hawaii Authority (NELHA), the Ha-
waii Strategic Development Corporation (HSDC), the Hawaii Community Develop-
ment Authority (HCDA), and the High Technology Development Corporation (HTDC);
university-based programs such as the UH Office of Technology Transfer and Eco-
nomic Development (OTTED) and the University Connections Program; and
community-based groups such as the four county economic development boards
and the Hawaii Technology Trade Association (HTTA). The concluding section of
this report describes some of the key units at the University of Hawaii which are at
the forefront of research and experimentation, spinoffs from which can potentially
be transferred to the private sector to enhance productivity and promote economic
growth.



The Manoa Innovation Center/MIC (www.htdc.org/mic/mic.html)

Managed by the High Technology Development Corporation (HTDC - see State-
wide), the Manoa Innovation Center is a high-tech business incubator linking ISLAND OF OAHU
emerging commercial high-tech ventures to university-oriented research and
development organizations. Centrally located next to the University of Hawaii’'s
Manoa Campus on more than three acres, the 46,000 square-foot Center brings
together a diversity of enterprises. MIC’s purpose is to help develop viable
commercial high-tech companies in Hawaii through its incubation program.
The Center also facilitates the transfer of technology and fosters joint develop-
ment projects between the University of Hawaii, private, non-profit research
organizations, and the Center’s high-tech occupants. A variety of additional
services and activities are also available to local businesses, including work-
shop and training, research and information retrieval, and continuing educa-
tion opportunities.

Mililani Technology Park/MTP (www.planet-hawaii.com/mtp/)

Ground was broken in 1987 for the Mililani Technology Park — the only fee
simple high-tech business park in Hawaii. It is zoned IMX-1 mixed-use, which
allows a variety of office and light industrial uses. The Park is designated as a
Foreign-Trade Zone and also has Enterprise Zone status. MTP is equipped
with fiber-optic cable, providing superior communications for Park tenants. The
University of Hawaii’s computer network also is accessible through the Park’s
proteon gateway, which provides users with access to state-of-the-art and cost
effective communications and data transport systems including electronic mail,
R&D information sharing, and global teleconferencing. MTP has access to
one of the world’s most powerful supercomputer systems, the IBM Power3
and Linux Supercluster system, located at the Maui High Performance Com-
puting Center in Kihei, Maui.

Pacific International Center for High Technology Research/PICHTR
(www.pichtr.org/)

The Pacific International Center for High Technology Research is an indepen-
dent, not-for-profit organization chartered to promote and develop technology
appropriate to the marine and tropical environment of the Asia-Pacific region
and to assist, facilitate and support its application through technical services,
education, and training. Much of its major project work has been related to the
applied research and development of renewable energy technology, which is
crucial to the sustainable development of the region, and for which Hawaii is
uniquely qualified through its rich human and natural resources. PICHTR’s
programs seek to broaden Hawaii’s economic base through science and tech-
nology applications such as the biomass experimentation mentioned elsewhere
in this report. PICHTR also receives funding from the Government of Japan —
a relationship that dates back to the summit meeting between Prime Minister
Nakasone of Japan and President Reagan of the United States in 1987. As a
result, Japan’s Ministry of Foreign Affairs has contributed annually to PICHTR
in support of the important joint United States-Japan global effort to assist the
developing countries of the Asia-Pacific, as well as to develop and promote
technology which meets the environmental requirements of the region.
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Kapolei Business Park and the
City of Kapolei, located in west Oahu,
is just 20 minutes from Honolulu Interna-
tional Airport. The Park is totally wired to
support technology companies (users,
providers and support facilities), call cen-
ters and other global businesses. The tele-
communications infrastructure includes a
multiple system of conduits traversing
Kapolei, allowing private secure networks
for global voice, data and video transmis-
sions to bridge the U.S. and Asia via trans-
Pacific fiber optic cables and satellite.
This combination of network options is
made possible by direct fiber links to earth
stations at the Kapolei Teleport which can
“see” North America and Asia-Pacific sat-
ellites simultaneously. A development of
The Estate of James Campbell, Kapolei's
flexible lot sizes and favorable leasing op-
tions make it well suited for expansion
(see also Telecommunications).
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Kakaako Makai (www.hcdaweb.org)

Kakaako Makai, a State-owned area along the downtown water-
front, is widely acknowledged as Honolulu’s “crown jewel.” It is not
only an exceptional gathering place, but can also function as a
center for learning, research, and economic growth. Dean Edwin
Cadman visualizes the ocean-front area as the site for the new UH
medical school and a biotechnology center, catering to the smaller
biotech companies that have sought space near the medical facil-
ity. A high-level private sector consortium has made overtures for
supportive state funding to build a new Ocean Science Education
Center along with a relocated Bishop Museum Science and Tech-
nology Center in the area. At the same time, the Hawaii Commu-
: nity Development Authority (HCDA) is entering negotiations with
Ceater Adtech, a fast-growing computer-oriented concern, for an adjacent
headquarters and research facility nearby.

Kalaeloa (www.kalaeloa.com)

The return of some 2,600 acres to the
State from the US Navy affords another
though perhaps more distant potential for
industrial growth. Much of the returned
lands have been claimed by such institu-
tions as the National Guard, the Airports
Division of the Department of Transpor-
tation, and Honolulu Community College
for maintenance purposes. The latter two
offer opportunities for technological development. The Airports Division intends
to utilize its returned facilities, which include the existing Navy airfield, as the
base for operation of general aviation activity. HCC’s future outlook involves
extended pilot training with potential for establishment of a Pacific Aerospace
Training Center. This nucleus, together with National Guard and US Coast
Guard facilities, provides opportunities for aviation-related activities including
depot level maintenance, aviation safety training, and advanced pilot training.
In addition, the location of Kalaeloa at Barbers Point, adjacent to the Campbell
Industrial Park, provides additional potential for related subsidiary or supple-
mentary activities in the area. The Department of Hawaiian Home Lands is
conducting a study to assess these possibilities.

Oahu Economic Development Board/OEDB (www.oedb.org)

OEDB was incorporated in 1984 to promote smart, sustainable economic de-
velopment on Oahu. OEDB’s long-term goal is to create quality jobs, which will
in turn enhance the quality of life for Oahu’s residents. Its mission is to be the
driving source of collaborative leadership in sustaining a professional, globally-
competitive, economic development delivery system which leverages the
strengths of private and public sector partners to establish Oahu as a world-
renown location to grow business, attract smart capital investment, and create
quality jobs.

Contacts: Robert F. Mougeot, Chair
Lisa H. Gibson, Chief Operating Officer
1001 Bishop Street, Pauahi Tower, Suite 895
Honolulu, HI 96813
Tel: 808-521-3611/Fax: 808-536-2281
e-mail: oahuedb1@gte.net

Courtesy Airports Division/DoT



Natural Energy Laboratory of Hawaii Authority/NELHA (www.nelha.org/)

Established in 1974, the Natural Energy Laboratory of Hawaii Authority, an at-
tached agency to DBEDT/State of Hawaii, has a broad mission to develop and
diversify Hawaii’s economy by providing resources and facilities for energy and
ocean-related research, education, and commercial activities in an environ-
mentally sound and culturally sensitive manner. NELHA administers the Natu- ISLAND OF HAWAII
ral Energy Laboratory of Hawaii (NELH) — a unique ocean science and technol-
ogy park capitalizing on the significant resources offered at Keahole Point on
the Big Island, the most isolated of any coastal location in the United States,
where deep ocean water is available near the shore. NELH affords tremen-
dous research and commercial development opportunities in agriculture, aquac-
ulture, biotechnology, chemistry, chill-intensive industries, ocean engineering, o
oceanography, pharmaceuticals, and renewable natural energy.

NELHA also administers two additional programs:
Hawaii Ocean Science and Technology (HOST) Park

Founded in 1984 by the State Legislature as an innovative ocean-related in-
dustrial park, HOST was the first facility in the world designed to promote and
support the commercial development of ventures using deep ocean water. To-
day, the Park hosts the Big Island Abalone Corporation that supports a 10-acre
commercial site (soon to be expanded to 70 acres) and will soon add a second
tenant - Hawaii Deep Marine Water Production, which will desalinate and bottle
deep sea cold water for boutique beverages and supplements.

Center of Excellence in Ocean Sciences/CEROS

The 1993 Department of Defense Appropriation Act approved and funded a
National Defense Center of Excellence in Ocean Sciences to be located in the
State of Hawaii. This legislation directed a cooperative effort between the De-
fense Advanced Research Project Agency and the High Technology Develop-
ment Corporation to take advantage of unique capabilities available in Hawaii
in key technology areas of interest to the Department of Defense. In Septem-
ber 1995, administration of the CEROS program was transferred from HTDC to
NELHA. CEROS fosters technology development and commercial use of ocean
research facilities in Hawaii. By encouraging participation of Hawaii companies
with special expertise that may apply to DoD requirements, CEROS advances
the State’s goals of expanding technology-based industries. Additionally, CEROS
seeks to maximize infrastructure use in Hawaii, thereby leveraging Federal re-
search dollars and expanding efficient use of other resources. The CEROS
program emphasizes private sector development by contracting with commer-
cial entities qualified to do business in the State of Hawaii. CEROS also en-
courages private sector concerns to use facilities and academic expertise in
Hawaii to augment capabilities and assure timely commercialization of advanced
technology. University participation in CEROS projects is mainly through col-
laboration as subcontractors to private sector companies.

Courtesy UHH

The University of Hawaii at Hilo/UHH (www.uhh.hawaii.edu)

UHH is a regional comprehensive university with strong programs in computer
science, business, marine science, astronomy, biology, agriculture, and geol-
ogy, with a proposed degree in electronic engineering. It serves as a magnet —
for training, research and development in fields relating to high technology and The Joint Astronomy Center within
biotechnology programs, particularly because the Island of Hawaii is a state- University Park

wide center for laboratory-based alternative energy development, applied as-
tronomy, and agricultural change. More than 400 acres on campus have been
converted into a high-tech University Park supporting an impressive array of
multinational tenants such as the University of Hawaii Agricultural Complex,
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Courtesy Richard Matsunaga & Associates Architects Inc.

This aerial photo of the University of Ha-
waii-Hilo High Technology Park (foreground)
shows an architect's concept of the future
U.S. Pacific Basin Agricultural Re-
search Center (PBARC) facility in its
planned location, center left. A project of
the U.S. Department of Agriculture Agricul-
tural Research Service, the new PBARC
headquarters will house about 38 scientists
and 100 technicians on a $50 million, multi-
building, 30-acre campus. Research at
PBARC focuses on the collection, evalua-
tion, and distribution of plant germplasm;
plant pathology and crop production; agri-
cultural entomology; postharvest technology
as it relates to quarantine issues; and
aquaculture.

ISLAND OF MAUI
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the United Kingdom-Canada-Netherlands Joint Astronomy Center, and base
facilities for the Caltech Submillimeter, Gemini North, and Subaru Observato-
ries. A 30-acre site is being developed for a $50 million Pacific Basin Agricul-
ture Center to be operated by the US Department of Agriculture. A base facility
being developed by the Institute for Astronomy will facilitate the design and
fabrication of instrumentation for all observatories atop Mauna Kea. An $8
million Mauna Kea Astronomy Education and Interpretation Science Center to
be run by UHH will feature classrooms, a science theatre, and a planetarium
providing both formal and informal educational programs for both students and
visitors, with direct links to the 13 Mauna Kea Observatories enabling both
students and visitors to gain first hand visualization of extraterrestrial phenom-
ena. A $60 million Taiwan-financed Chinese Cultural Center is also under de-
velopment.

Hawaii Island Economic Development Board/HIEDB (www.hiedb.org)

Hawaii Island (also known as the “Big Island”) houses internationally renowned
high-tech research facilities in the natural sciences, with broad bandwidth tele-
communications and high performance computing capabilities. These include
13 astronomical observatories at the summit of Mauna Kea (with base facilities
in Hilo and Waimea), ocean research activities at Keahole Point, Kona (at the
Natural Energy Lab of Hawaii), sophisticated seismological sites throughout
the island (including the Hawaii Volcanoes Observatory of the U.S. Geological
Survey), a planned U.S. Pacific Basin Agricultural Research Center in Hilo, and
a number of educational and training programs through the University of Ha-
waii at Hilo. HIEDB’s mission is to advance high-tech opportunities in diversi-
fied agriculture production and processing, support additional research and
commercial endeavors in the natural sciences and in academic disciplines fo-
cusing on high-technology applications, and promote a high-quality, technically-
trained workforce.

Contact: Barry Taniguchi, Chair
Paula Helfrich, Executive Director
200 Kanoelehua Avenue, Box 103-281
Hilo, HI 96720
Tel: 808-966-5416/Fax: 808-966-6792
e-mail: clipper@interpac.net

Maui Research & Technology Center/MRTC (www.mrtc.org)

Established in 1992, the Maui Research and Technology Center (MRTC) busi-
ness incubation program began with four start-up companies and three anchor
tenants. Today it houses 11 start-ups, three “phase-in-businesses” (established
firms relocating to Maui), and eight anchor tenants. Together, these represent
about 100 jobs, with more anticipated. MRTC was created by the State of Ha-
waii, with leadership from State Senator Mamoru Yamasaki and House Speaker
Joe Souki, to encourage the development of a high-tech industry on Maui. The
Maui Economic Development Board has been instrumental in advocating for
such a center, and is contracted by the High Technology Development Corpo-
ration to manage it. Tenants receive many basic services which help offset
some of the daunting and expensive obstacles to starting a high-tech business.
Incubator services include access to local and wide areas networks for Internet
connectivity and email, computer facilities with high-end graphics software and
scanner, shared copier and fax, meeting facilities with video conferencing and
AV equipment, and reception, phone and mail handling services. MRTC staff
also offer business counseling and guidance to tenants on everything from
financial matters and business plans to marketing and public relations.



Maui High Performance Computing Center/MHPCC (www.mhpcc.edu/)

The Maui High Performance Computer Center supports an IBM Power3 and
Linux Supercluster system managed under a cooperative agreement between
the United States Air Force Phillips Laboratory and the University of New Mexico.
Ranked as one of the top computing centers in the world, MHPCC provides
Department of Defense, government, private industry, and academic users,
including those from Hawaii, with access to high-performance parallel comput-
ing technologies, expertise, and educational service. MHPCC is currently fo-
cusing on processing data from telescopes, satellites, radar, and other sen-
sors, environmental and disaster modeling and battlefield simulations, and
advanced technology workshops and the integration of technology into the class-
room — providing an ideal environment in which to facilitate efficient and cost-
effective transition from high tech research through production.

Maui Economic Development Board/MEDB (www.medb.org)

MEDB’s mission is to provide leadership and vision for the responsible design
and development of a strong and diversified economy. Established in 1982 as
a private, 501(c)(3) nonprofit corporation, MEDB serves all of Maui County.
The board works with businesses, educators, community organizations as well
as county, state and federal governments to develop projects endorsed by the
community. MEDB’s initiatives brought to the county the Maui Research and
Technology Park, the Maui Research & Technology Center, the Maui High Per-
formance Computing Center and innovative workforce development projects
such as Economic Literacy and Women In Technology. Through ongoing part-
nership efforts like the High Tech Maui marketing program, MEDB continues to
support development of high-technology industry within Maui County, which
has created more than 400 new jobs that have increased the county’s tax rev-
enue base.

Contact: Jeanne Skog, President & CEO
Loren Malenchek, Program Director
Maui Economic Development Board, Inc.
590 Lipoa Parkway, Suite 103
Kihei, Hawaii 96753
Tel: 808-875-2300/Fax: 808-879-0011
e-mail: info@medb.org

Kauai Economic Development Board/KEDB (www.kedb.com/)

ISLAND OF KAUAI
Kauai is the home of the Pacific Missile Range Facility, the world’s preeminent
Testing & Evaluation and Training Range. PMRF provides T&E services from
deep space to Deep Ocean and through these capabilities supports a full range
of dual-use initiatives. The DoD’s Ballistic Missile Defense programs, as well
as NASA’s Environmental Research Aircraft programs, are at the forefront of
these activities. The Office of Naval Research’s UESA program, as well as
sensor integration and communications technologies initiatives, are indicative
of the future directions of PMRF. The Kauai Technology Center is host to TREX
Enterprises (which additionally has an R&D and materials manufacturing facil-
ity on Kauai), Textron Systems Division, Oceanit Laboratories, Solipsys Corpo-
ration and Digital Systems Resources. Phase Il of the Center is under con-
struction with a scheduled opening in early 2002. Tenants will include SAIC,
XonTech, MIT-Lincoln Labs, Office of Naval Research, ORINCON, Lockheed
Martin and Boeing, as well as the Kauai Sensor Integration & Communications
Technologies Center. The Center provides video teleconferencing facilities for
distance learning programs, as well as a Visitor Center with interactive multi-
media exhibits to showcase business opportunities on Kauai as well as the
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history and culture of the island. Kauai’s efforts in agribusiness and biotech-
nology are also achieving new heights with the completion of Pioneer Hybrid
International’s $24 million R&D facility. The Kauai Economic Development
Foundation focuses on developing Kauai’s most important resource — its chil-
dren — through technology programs such as ThinkQuest and Project EAST.
Additionally, it works with the schools and community organizations on a myriad
of education initiatives.

Contact: Pam Parker
Managing Director - Kauai Business Development Group
Kris Nakata
Executive Director, Kauai Economic Development Board
Gary J Baldwin
President & CEO, Kauai Economic Development Foundation,
and Managing Director, Kauai Technology Center
Kauai Economic Development Board
4290 Rice Street
Lihue, HI 96766
Tel: 808-245-6692/Fax: 808-246-1089
e-mail: kedb@kedb.com

State Department of Business, Economic Development & Tourism/DBEDT
(www.hawaii.gov/dbedt)

STATEWIDE

DBEDT is the state government agency responsible for supporting the growth
of Hawaii's business sector and encouraging initiatives for economic develop-
ment, including the expansion of Hawaii’s presence in the international market-
place. This is achieved by helping firms meet licensing and permit require-
ments, supporting community-based economic initiatives, providing loans and
venture capital, encouraging responsible investment, and disseminating infor-
mation on global business and trade opportunities. DBEDT works in partner-
ship with the private sector to achieve its mission.

Two divisions of DBEDT are directly involved with promoting science and tech-
nology programs and activities within the state.

Energy, Resources & Technology Division/ERTD
(www.state.hi.us/dbedt/ert/)

DBEDT’s Energy, Resources, & Technology Division supports statewide eco-
nomic development and diversification. It promotes Hawaii-based industries for
the sustainable development of Hawaii’s technology, energy, environment, and
ocean resources. The division encourages private and public partnerships in
research and in sustainable commercial development of Hawaii’s resources.
ERTD supports projects that demonstrate applications of technology which can
contribute to economic efficiency, diversification of the economy, and market-
ing of Hawaii’s expertise overseas. The division includes the Energy Branch,
the Ocean Resources Branch, the Strategic Technology Industry Development
Branch, and the Clean Hawaii Center. ERTD focuses on planning and develop-
ing technology areas such as telecommunications, energy technologies, envi-
ronmental control and management, telemedicine, and other disciplines with
potential for development within Hawaii and export to growth areas within the
Asia-Pacific region. In addition, its Clean Hawaii Center has sought to strengthen
the State’s ability to export environmental products and services through the
expansion of Hawaii’s environmental, recycling and remanufacturing industries.

Business Development & Marketing Division

The Business Development & Marketing Division works to attract new invest-
ment to Hawaii, and to promote the export of Hawaii’'s goods and services
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especially those in knowledge-based, telecommunications-reliant industries.
The division seeks to direct new investment into job-creating industries that
help diversify Hawaii’'s economy. Examples include healthcare, telemedicine,
assisted care, biotechnology, aquaculture, and other nontourism-related busi-
nesses. The division’s marketing activities — including business missions and
seminars — are focused on overseas audiences. The division also serves as
the Department’s outreach to the Neighbor Islands in a number of cooperative
market ventures. These include working with the Kauai Economic Develop-
ment Board to promote expanded use of the Pacific Missile Range Facility, the
Maui Economic Development Board to attract new activities and conferences
related to Maui’s High Performance Computing Center, and the Hawaii Island
Economic Development Board to promote the science and technology-related
capabilities of the Big Island.

The High Technology Development Corporation/HTDC (www.htdc.org)

Administratively attached to DBEDT, HTDC was established in 1983 by the
Hawaii State Legislature to facilitate the development and growth of Hawaii’s
commercial high technology industry, as well as to increase revenue genera-
tion and job creation within the technology-based sector of Hawaii’'s economy.
It facilitates growth of Hawaii’s high technology industry by serving as a one-
stop informational center for technology start ups and out-of-state entrepre-
neurs. It developed and manages the Manoa Innovation Center and the Maui
Research & Technology Center, both full-service incubation facilities, and pro-
vides training, programs, workshops, business consulting, and shared office
services to create a “success environment.” It developed and supports “TECH
JOBS HAWAII” — a public-private partnership created to raise awareness of the
breadth of high technology job opportunities in the state. HTDC has conduced
job fairs both in Hawaii and on the Mainland (see www.techjobshawaii.org), as
well as outreach programs to demonstrate high tech opportunities at Hawaii
schools. The Corporation recently launched the Governor's E-Commerce
Awareness Campaign to encourage and educate small businesses on the ad-
vantages of using e-commerce in their business operations (a Getting Started
tutorial and a list of service providers is available at www.pacificebusiness.com/
exchange). HTDC also supports community outreach activities by facilitating
the establishments of community technology centers, such as the Laupahoehoe
Teleservice/Telework Center established as a training and incubation facility
for new technology-based businesses in remote areas. It conducts biennial
surveys to provide a comprehensive picture of the technology industry in Ha-
waii (see the Technology Business Directory at www.htdc.org). It secures and
administers federal and local grants to encourage technology research and
assist technology start-up programs, such as the Hawaii Small Business In-
novation Research Grant Program, which provides tech-based companies
up to $25,000 for research done in Hawaii. It also helped secure a $10 million
grant from the Advanced Research Projects Agency/DoD to support two fed-
eral dual-use programs — the National Defense Center of Excellence for
Research in Ocean Sciences and the Hawaii Electric Vehicle Demonstra-
tion Project. Finally, HTDC maintains an extensive marketing program, in-
cluding advertisements and editorial placements in local and national publica-
tions; support for technology-focused seminars and conferences; special events
targeting key audiences; the creation and distribution of statewide technology
marketing collateral; and familiarization tours and one-on-one meetings with
out-of-state high-tech corporations.

The Hawaii Technology Trade Association/HTTA (www.htta.org)

HTTA is a statewide, private-sector membership organization formed specifi-
cally to support Hawaii’s growing technology industry. HTTA industry members

HAWAII
HSD STRATEGIC
DEVELOPMENT

CORPORATION

The Hawaii Strategic Development
Corporation is a State agency created
by the legislature in 1990 to promote eco-
nomic development and diversification in
conjunction with private enterprise. Its
mission is to provide venture capital to
businesses in order to stimulate eco-
nomic growth, employment, and eco-
nomic diversification. This is achieved
through the investment of public and pri-
vate funds in return for equity or owner-
ship positions in emerging businesses.
Emphasis is given to investment oppor-
tunities which further techno logical in-
novation, though almost all industry sec-
tors are eligible for financing. Examples
of industry sectors receiving venture fund-
ing include biotechnology, software
and multimedia development, aquacul-
ture, food and beverage process-
ing and distribution, telecommunica-
tions, and medical technology. Additional
information on HSDC is available at
www.htdc.org/hsdc.
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represent a variety of technology sectors, including Information Technology,
Telecommunications, Software, Biotechnology, Health & Medical Technology
and Ocean/Earth/Space Sciences, and also include professional services and
educational organizations that actively support Hawaii’s technology industry.
Membership is statewide, with representatives from Hawaii, Kauai, Maui, as
well as Oahu. HTTA’s mission is to grow the technology industry in Hawaii by
fostering and facilitating a healthy business, funding, educational and govern-
mental environment for Hawaii’s technology companies. Its focus is on promot-
ing the local development of technology-related businesses, as well as on en-
couraging more mainland and international technology companies to establish
a presence in Hawaii.

The University of Hawaii (www.hawaii.edu)

The University of Hawaii supports diverse science and technologies activities
through a number of research units.

Institute for Astronomy (IfA) - Founded in 1967, the Institute conducts investi-
gations in astrophysics and planetary science and is responsible for managing
the Mauna Kea Science Reserve and the Haleakala High Altitude Observatory
Site. It also operates solar and laser-ranging facilities on Haleakala and sev-
eral observatories on Mauna Kea. IfA is one of the world’s leading astronomi-
cal research centers. lIts broad-based program includes studies of the sun,
planets, and stars, as well as research on interstellar matter and galaxies. Uni-
versity astronomers are allotted observing time on all telescopes.

Cancer Research Center of Hawaii - The Cancer Research Center of Hawaii is
a multidisciplinary research institute of the University. It is engaged in research
on all aspects of cancer, from etiology and prevention to treatment and continu-
ing care. In addition to conducting fundamental research in cancer biology, the
center also provides training opportunities for MS and PhD students enrolled in
academic disciplines closely aligned to the staff’s research interests. The cen-
ter is organized into three programs: (1) cancer etiology with epidemiology and
molecular carcinogenesis components; (2) cancer prevention and control with
medical science and social science components; and (3) in partnership with
the Department of Chemistry, research on natural products with medicinal chem-
istry and experimental pharmacology components.

Curriculum Research & Development Group (CRDG) - The Curriculum Re-
search & Development Group is the organized research unit in the University
of Hawaii that gives attention to the functions of elementary and secondary
education in Hawaii and elsewhere in the University’s service area. The CRDG’s
function is to examine the total scholarship of the universe of knowledge and to
adapt selected parts of it for use in elementary and secondary schools. The
primary areas of focus are secondary school mathematics, science and tech-
nology; health; composition and language study; the history of Hawaii; lan-
guage and linguistics; literature of Asian and Pacific peoples; marine science
and technology; music for elementary schools; nutrition for people of Hawaii
and other Pacific communities; and education for at-risk students.

University of Hawaii Economic Research Organization - The University of Ha-
waii Economic Research Organization maintains information for making eco-
nomic forecasts, models, simulations, and policy analyses. The information is
intended to aid public and private sectors in business-related decision-making.
For Hawaii, projects include analyzing government spending, tax, and regula-
tory policies, as well as proposals to develop or attract new industries or corpo-
rations to the state. For Asia, projects focus on the potential effects of pro-
posed public sector investments and government policies, as well as trends in
international trade and investment. Links between Hawaii and Asia-Pacific
economies are also being identified, modeled, and measured.



Globalization Research Center - The Globalization Research Center was es-
tablished at UH in 1998 with a $1 million plus grant from the U.S. Department of
Education. The Center’s mission is to conduct research on the dynamics and
effects of globalization with a particular emphasis on impacts within the Asia
and Pacific region. The center has developed three core research areas: (1)
development of a globalization index with associated mapping of country and
regional impacts, (2) creation of a globalization curriculum; and (3) the study of
health issues in a global context.

Harold L. Lyon Arboretum - The Lyon Arboretum facilitates and conducts re-
search, instruction, and public service in tropical biology and horticulture. Lo-
cated on the 194-acre site in upper Manoa Valley are greenhouses, laborato-
ries, classrooms, and an herbarium. The arboretum also houses living plant
collections, comprising about 476,000 species, varieties, and cultivars. It is the
only university arboretum in the U.S. located in a tropical rainforest and has
perhaps the largest collection of palms of any botanical garden in the world.
Emphasis is placed on native Hawaiian plants, including research on propaga-
tion and restoration of endangered species, on restoration of Hawaiian ecosys-
tems, and on ethnobotany of the Hawaiian Islands.

Institute for Biogenesis Research (IBR) - The new Institute for Biogenesis Re-
search at the University of Hawaii John A. Burns School of Medicine houses
state-of-the-art equipment and facilities to further the research that led to the
birth of Cumulina, the world’s first mouse clone, in 1998. Over the last two
years, continued research has produced the much-photographed green mice
and significant improvements in mice cloning success rates. Currently, Dr. Ryuzo
Yanagimachi and other researchers are involved in genetic research focused
on curing infertility and on predicting and preventing hereditary diseases.

National Foreign Language Research Center (NFLRC) - The National Foreign
Language Research Center at the University of Hawaii is one of three such
centers in the nation, funded by a grant from the U.S. Department of Education.
Building on institutional strengths in foreign language teaching, applied linguis-
tics, and second language acquisition, the NFLRC undertakes projects that
focus primarily on the less commonly taught languages of East Asia, South-
east Asia, and the Pacific. The goal is to develop prototypes that can be ap-
plied broadly to improve foreign language education nationally.

Office of Technology Transfer & Economic Development (OTTED) - OTTED
promotes the transfer of University technology to the community and is respon-
sible for managing UH intellectual property assets. It licenses University dis-
coveries to industry for society’s use and benefit, and works with legal counsel
to patent and protect them. OTTED seeks to turn scientific progress into tan-
gible products, encourages faculty inventorship and entrepreneurial activities,
supports State economic development and diversification, and generates in-
come to support further research and development.

Pacific Biomedical Research Center (PBRC) - The mission of the Pacific Bio-
medical Research Center at the University of Hawaii is to encourage and foster
research in diverse fields of biology and medicine. The research programs
undertaken by PBRC scientists range from basic studies of biological function
to hospital clinical trials. PBRC researchers also provide training for graduate
and undergraduate students, with a special emphasis on minority research
opportunities. PBRC facilities include: the Bekesy Laboratory of Neurobiology,
Center for Conservation Research and Training, Kewalo Marine Laboratory,
Laboratory of Matrix Pathobiology, and the Membrane Biology Laboratory.

Located in Honolulu adjacent to the Uni-
versity of Hawaii, the East-West Cen-
ter (EWC) is an internationally recognized
education and research organization estab-
lished by the U.S. Congress to strengthen
understanding and relations between the
United States and the countries of the Asia-
Pacific region. As part of its mission, EWC
conducts multidisciplinary research on is-
sues of contemporary significance to Asia,
the Pacific and the United States — includ-
ing programs in such areas as national
economic development, ecosystem gover-
nance, trans-boundary and urban air pol-
lution, population, and health.
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Courtesy Space Grant College - SOEST/UH

Courtesy Space Grant College - SOEST/UH

Students examine remote sensing images
to compare to their direct observations
during an undergraduate course in remote
sensing. The course was developed and
is funded by Hawaii Space Grant College
under SOEST at the University of Hawaii.

The Hawaii Space Grant Consortium pro-
gram, operated for the University of Hawaii
by Planetary Geosciences of the Hawaii In-
stitute of Geophysics and Planetology,
SOEST, runs FUTURE FLIGHT - a K-12
education project providing residential, day
exploration and family programs focusing on
specific “mission themes” including Apollo:
the Next Generation - Return to the Moon;
International Mission to Mars; and Millen-
nium Mission to the Blue Planet. Pictured
above, students “take flight” with aerodynam-
ics designs developed during their “hands-
on” training at Future Flight.
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School of Ocean & Earth Science & Technology (SOEST) - Established by the
University in 1988, SOEST was created as a multidisciplinary school combin-
ing academic departments and research institutes into a new structure em-
bracing several research centers and institutes: the Hawaii Center for Volca-
nology (HCV) studies volcanoes in Hawaii and elsewhere in the world and on
other bodies around the solar system; the Hawaii Institute of Geophysics and
Planetology supports programs focusing on global remote sensing of Earth,
planets, moons, and asteroids, and develops leading educational programs
through administration of the Hawaii Space Grant College Program; the Hawaii
Institute of Marine Biology (HIMB) supports research in coral physiology and
coral reef ecology, behavior and population dynamics of fishes, marine endocri-
nology and aquaculture, and marine mammal research; the Hawaii Mapping
Research Group (HMRG) develops and operates wide-sonar undersea map-
ping equipment and conducts underwater mapping surveying expeditions all
over the world; the Hawaii Natural Energy Institute (HNEI) researches alterna-
tives to fossil fuels, supporting ocean resource development and biomass re-
search directed at technologies suitable for converting biomass to electrical
energy, as well as a long-range program focused on the production and storage
of hydrogen; the Hawaii Undersea Research Laboratory (HURL) studies deep-
water marine processes in the Pacific, focusing on deep-sea geology and eco-
systems and their contribution to global climatic and ecosystem changes; the
International Pacific Research Center (IPRC) provides an international research
environment dedicated to improving understanding of the nature and predict-
ability of climate variability in the Asia-Pacific region, including the influences of
global environmental change; the Joint Institute for Marine and Atmospheric
Research (JIMAR) facilitates cooperation between UH and NOAA scientists on
problems of mutual interest including tsunamis, equatorial oceanography, cli-
mate, tropical meteorology, and fisheries oceanography; and the Satellite Ocean-
ography Laboratory provides satellite images and other real-time meteorologi-
cal and oceanographic data covering hurricanes, ocean eddies and volcanic
eruptions.

Social Science Research Institute (SSRI) - The Social Science Research Insti-
tute facilitates and supports applied interdisciplinary research addressing criti-
cal social, economic, and environmental problems in Hawaii and the Asia Pa-
cific region. Research projects are carried out in collaboration with other edu-
cational research institutions, federal, state, and county agencies, and with in-
ternational organizations and the private sector. SSRI provides practical expe-
rience to students at the University of Hawaii through involvement in research,
planning and training projects.

Waikiki Aquarium - The Waikiki Aquarium displays more than 1,000 specimens
representing 250 vertebrate and invertebrate species. The exhibits focus pri-
marily on marine life and feature a hands-on experience with the “Edge of the
Reef” outdoor exhibit. The aquarium also offers a marine education program
with classes, workshops, school tours, and lecture series on marine science.
Research activities include mahimabhi larval studies and the reproduction of the
chambered nautilus.

Water Resources Research Center (WRRC) - Established to coordinate and
conduct research to identify, characterize and quantify water/environmental re-
lated problems in Hawaii, WRRC makes recommendations to all agencies and
organizations with responsibilities to manage water and environmental resources
statewide. It also assists Pacific Island governments in managing their water
and environmental problems. WRRC faculty are specialists in marine biology,
environmental and process engineering, public health, water quality microbiol-
ogy, economics, ecology and environmental science hydrology, geology and
geophysics, agriculture and resource management.
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